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Abstract 
A modified Pictet-Spengler synthesis has been developed, which alleviates the problems 
associated with the classical synthesis. a-Methoxyurethanes were used as precursors, and 
cyclisation initiated under mild Lewis acid conditions in non-aqueous media at room temperature. 
Precursors wtth unactivated aromatic ring systems could be cyclised. 
The presence of various substituents at the C-1 position of the new compound was made 
possible by investigating different methods of synthesising the a-methoxyurethane precursors. 
Two general routes were used; the first utilising the reaction between imines and chloroformates 
and the second using the anion of secondary urethanes. 
The generality of the methodology was explored. The use of different cyclising reagents 
was investigated; it was found that the counter-ion involved in these reagents was of great 
significance in these reactions. Studies on the effect of substituents on the aromatic rings in the 
N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamide precursors were also undertaken with 
interesting results. Attempts to carry out the cyclisation of related precursors - trifluoroacetamides 
and tosylates - were unsuccessful. 
Protected 1,2,3,4-tetrahydroisoquinoline-1-carboxylic acids, novel a-amino acid systems, 
were synthesised; and the methodology was also applied to the syntheses of isoindoline and 
2,3,4,5-tetrahydro-!H-2-benzazepine ring systems with partial success. 
A preliminary examination of the diastereoselective and enantioselective synthesis has 
also been undertaken. 
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Introduction 
The isoquinoline ring system (1) and its derivatives form the basis of many natural 
compounds, which can be isolated from plants -these being the isoquinoline alkaloids1 -, coal tar and 
petroleum.2 
(l)5 4a 4 6 3 7 N 2 
sa 
a 
(1) 
The isoquinoline ring system with the positions numbered. 
There are many examples of these compounds such as papaverine (2), found in the opium 
poppy Papaver somniferum and emetine (3), found in the root of the Rich plant Cephaelis 
ipecacuanha, -the "Ipecac root'. 
M eO O?H OMe OMe M eO 
H 
OMe 
(2) (3) 
The most well known are probably the family of morphine alkaloids, such as morphine (4), 
codeine (5), oripavine (6) and thebaine (7). 
(4) R = H morphine 
(5) R = Me codeine 
(6) R = H oripa\oine 
(7) R =.Me thebaine 
Many of these compounds are biologically active. Morphine for example is a powerful 
euphoric and analgesic reagent. Papaverine is a coronary vasodilator, and emetine is the active 
compound in the "Ipecac root", which has been used medicinally for many centuries. The fact that 
many of these compounds can only be isolated in small amounts, has inspired a great number of 
syntheses of these natural products and their derivatives. Many workers have also built novel 
molecules based on the isoquinoline ring system, often with pharmaceutical uses in mind. 
1 
Various methods have been developed to synthesise the isoquinoline ring system but only 
three have become widely popular. These are the Pomeranz-Fritsch, the Bischler-Napieralski and the 
Pictet-Spengler syntheses. 
The pomeranz-Fritsch Synthesis 3 
This synthesis involves the formation and then the subsequent acid-catalysed cyclisation of a 
benzalaminoacetal (for example (8) in Scheme 1). The product is a fully aromatic isoquinoline 
derivative. 
Me OD I + 
MeO """- CHO 
fi;,NCfi;,CH(OEt)2 
Me0:(0""-
1 N 
MeO """- ~ 
Scheme 1 
MeOY')O~Et 
MeO~ 
(8) 
Strong acids, usually sulphuric acid, are used in the cyclisation step. Hydrolysis of the 
benzalaminoacetal competes with cyclisation, often lowering the yield. 
The cyclisation is influenced by substituents on the aromatic ring. Electron-donating 
substituents help cyclisation; while electron-wtthdrawing substttuents tend to retard cyclisation. 
lsoquinolines with substituents at the C-1 position are not easily prepared by this synthesis. 
The first step requires the formation of a ketimine from an aminoacetal and an aromatic ketone, a 
reaction which only proceeds with difficulty. This can be overcome, by using a variation (Scheme 2), 
of the type first reported by Schlittler and MOIIer,4 in which a substituted benzylamine can be 
condensed with glyoxal diethyl acetal. The resutting imine can be cyclised as with the classical 
reaction. 
('1 NH
2 
M eO~ 
OHC.CH(OEt), 
, ., EtO"<)Et 
('u "~ 
Me 
72% H,S04 
-·1Q°C to 20°C 
owr SY2d 
MeoAvY 
~ 
MeoAvYN 
Me 
Scheme2 
2 
The Bischler-Napieralski Synthesis 5 
This was first reported by Bischler and Napieralski in 1893.6 The reaction was subsequently 
improved by later workers, and is now a frequently used route to isoquinoline derivatives. 
A p-phenylethylamine is reacted with a carboxylic acid or an acid chloride to form a P-
phenethylamide (9), which can then be cyclised with loss of water to give a 3,4-dihydroisoquinoline 
(10) (Scheme 3). The most common cyclising agents are phosphoryl chloride and phosphorus 
pentoxide. 
MeCOO 
(I(] 
~N 
(10) 
a:<" (9) 
Scheme3 
The cyclisation step involves electrophilic attack on the aromatic ring; and as with the 
Pomeranz-Fritsch synthesis, electron-donating groups on the ring encourage whilst electron-
withdrawing groups hinder cyclisation. 
There have been a number of variations on the classical Bischler-Napieralski Synthesis. The 
most significant is that of Pictet and Gams,7 where a p-methoxy- or p-hydroxyl-phenethylamide is 
used to synthesise the fully aromatic isoquinoline. Scheme 4 shows the synthesis of papaverine (2) 
utilising this approach_la 
MeOolOH 
I NH 
MeO ""'- 0 
M eO 
P40 10 , xylene, A 
-2H,O M eO 
MeO OMe 
MeO OMe 
(2) 
Scheme4 
3 
The Pictet-Spengler Synthesis a 
First reported by Pictet and Spengler in 1911,9 the Pictet-Spengler Synthesis has found wide 
spread use in the synthesis of 1 ,2,3,4-tetrahydroisoquinolines. 
6(1)54a4 3 
I 2 
7 
'- Sa N..,_H 
8 1 
(11) 
1 ,2,3,4-tetrahydroisoquinoline ring system 
The classical synthesis (Scheme 5) involves firstly the condensation of a suitable fl-phenylethylamine 
with a carbonyl compound. The cyclisation of the resulting imine is effected with an acid. 
MeO~ 
V ~H2 
20% aqHa 
20% HCHO 
H,O 
MeOY"("l 
V) CHty 
2 
MeO~ 
~~H 
Scheme5 
In the classical reaction, the carbonyl compound most used is formaldehyde; the acid 
commonly employed is hydrochloric acid; and electron-donating groups, activating the aromatic ring 
for cyclisation, are needed. 
The synthesis of 1.2.3.4-tetrahydroisoguinoline-3-carboxvlic acids 
In the past decade, 1 ,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (12) has become of 
increasing importance. It is a non-natural a-amino acid with a chiral centre at the C-3 ring position. lt 
is of interest in the synthesis of peptides and peptide analogues for pharmaceutical uses.10,11 
~C02H 
~NH 
(12) 
This compound has been prepared by the classical Pictet-Spengler synthesis; a condensation 
using phenylalanine with formaldehyde in the presence of concentrated hydrochloric acid. However 
the main problem with this approach is that under the conditions of the 'classical' Pictet-Spengler 
4 
synthesis, partial racemisation takes place when enantiomerically pure phenylalanine is used.11 Thus 
by this route, the preparation of enantiomerically pure (12) is not possible. The two enantiomers can 
be resolved (Kammermeier and his eo-workers give two efficient methods for doing this, involving 
preparing the (-)-menthol or mandelic acid derivatives11), but this is time-consuming. Hence, workers 
have searched for variations on the 'classical' Pictet-Spengler synthesis or for other routes to this 
compound and its derivatives. 
In 1987, Schiillkopf and his eo-workers devised a homochiral synthesis of the 3-methyl 
derivative of this novel a-amino acid (14) (Scheme 6), 12 -a very impressive piece of chemistry. 
)±:c ( i ) ( ii) 
MeO N 
(13) ).±' OMe ... ""' 
""" MeO N 
( i) n·Buli, THF , -78°C 
(iv) HBr, 1'!. 
).±' '·· "'-=:::: 
""" MeO N 
Br 
( iv) 
( v) 
(ii)x 
Br Br 
0 
(v) EtOH, <l_ 
Scheme6 
OMe 
(iii) 
f 
' 
(14) 
(iii) Nal, DMF, 1'!. 
The bis-lactim ether (13), derived from L- or 0- valine and D,L-alanine,13 was used to set up 
the stereochemistry at the C-3 position. 
Our aims 
Because of the importance of isoquinoline ring systems, we became interested in devising 
new methodology for its synthesis. 
5 
In particular, we wished to develop methodology for the synthesis of 1,2,3,4-
tetrahydroisoquinolines; -especially the synthesis of the 1 ,2,3,4-tetrahydroisoquinoline-1-carboxylic 
acid system (15). 14 
~" 
C02H 
(15) 
As with the 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid system (12), it is a novel non-
-natural a-amino acid and could prove useful pharmaceutically. 
Ultimately, we wish to be able to devise a homochiral synthesis of tetrahydroisoquinolines 
such as (15), where the stereochemistry at the C-1 position can be controlled. 
Viewing the options available, our best approach would be via a Pictet-Spengler type 
synthesis. This would give us a direct route into the tetrahydroisoquinolines. 
Thus our aims were therefore: 
1. to develop our own variation of the Pictet-Spengler synthesis. There are a number of problems 
associated wtth the 'classical' synthesis, some of which have already been mentioned. We hoped 
to create a good route to making 1-substituted-1,2,3,4-tetrahydroisoquinolines, which will 
alleviate these problems. 
2. to synthesise 1 ,2,3,4-tetrahydroisoquinoline-1-carboxylic acid derivatives using our new 
methodology. 
3. to make our Pictet-Spengler synthesis stereoselective, controlling the formation of the C-1 
position of the new tetrahydroisoquinoline. 
4. to synthesise 1 ,2,3,4-tetrahydroisoquinoline-1-carboxylic.acid derivatives optically pure. 
6 
Chapter 1 A review of the Pictet-Spenqler Synthesis 
Section 1.1 The Classical Pictet-Spengler synthesis 
The mechanism 
The postulated mechanism of the Pictet-Spengler synthesis is shown in Scheme 7. 
R'OY"('l 
R2Q~ NH, + R"CHO 
R10~ R2Q~NH 
R3 
(17) 
Scheme7 
The synthesis is assumed to take place in two steps. Firstly an intermediate imine or Schiff 
base (16) is formed. This, on treatment with an acid, generates an iminium ion (17), which reacts with 
the aromatic ring to give the isoquinoline. This last step is really a special case of an aminoalkylation 
or a Mannich reaction. Indeed the Pictet-Spengler synthesis has often been referred to as a 'cyclic 
Mannich reaction•.15 
lt must not be forgotten that the cyclisation step can also be classed as an electrophilic 
substitution reaction. 
The reagents and conditions used in the Pictet-Spengler synthesis 
Pictet and Spengler carried out the original synthesis with formaldehyde in the presence of 
concentrated hydrochloric acid.9 Formaldehyde became ..the most frequently used carbonyl 
compound and thus most tetrahydroisoquinolines synthesised have a methylene group at the new 
C-1 position (i.e. R3 = H in Scheme 7). 
Decker, who extended the initial work of Pictet and Spengler, showed that it is possible to 
use other aldehydes, and thus obtain various substituents at the C-1 position.16 A number of different 
aldehydes have been tried,17 but compared to formaldehyde, it is generally found that more drastic 
conditions are needed and the results are often poorer.18 
7 
For the classical Pictet-Spengler reaction, typical laboratory conditions would be to heat the 
amine with a slight excess of aldehyde and a large excess of 20 - 30% hydrochloric acid, at about 
1oo•c for one and a half to six hours. 
Some workers have preferred to use a 'genuine' two stage method. The intermediate imine is 
first formed from heating the amine and the aldehyde, before aqueous acid is added to effect 
cyclisation.16 In some cases, workers have isolated and purified the imine, before carrying out the 
cyclisation step.19 
Hydrochloric acid has been the most common cyclising reagent. However other reagents, 
such as sulphuric acid, acetic acid, hydrobromic acid, phosphoryl chloride, phosphorus pentoxide, 
acetic anhydride and methyl iodide20 have also been employed.21 
Kametani and Saxena reported the use of formalin (an aqueous solution of formadehyde) 
with, in effec~ dilute hydrochloric acid, as reagents in the preparation of tetrahydroisoquinolines. 
Kametani used formalin with the hydrochloride salt of the (3-phenylethylamine,22 and on another 
occasion formalin with a few of drops of concentrated hydrochloric acid. 23 Saxena used formalin with 
5% hydrochloric acid.18 This methodology is extremely suitable for the synthesis of 
tetrahydroisoquinolines, that have groups sensitive to high concentrations of acids. 
An aqueous medium has been the most popular cyclising medium largely because of 
aqueous acid being the cyclising reagent. However, this has not been the only option. The use of 
other media >s possible. Weinbach and Hartung, for example, used hydrogen chloride in benzene 
and ethanol as well as water in Pictet-Spengler cyclisations.19 
Reactivitv and Regioselectivity 
Characteristic of any electrophilic aromatic substitution reaction, the cyclisation step is helped 
by increased electron density at !he point of ring closure. This is provided typically by the presence of 
an alkoxy- or a hydroxy- group meta- to the alkyl side chain. lt has been shown that in the classical 
reaction, the absence of this activation usually leads to poor yields. This is illustrated by the yields 
obtained in the cyclisation of phenylalanine and its meta- hydroxy derivative (Scheme 8).18,24 
~CO,H + CH,O 
R=H 
=OH 
HCI 
Yield= 37% 
:::70% 
Scheme a 
8 
Alkoxy groups tend to direct cyclisation exclusively to the para- position in relation to 
themselves. The reaction of 3-methoxyphenylethylamine (18) with formaldehyde for example, gives 
only the 1,2,3,4-tetrahydro-6-methoxyisoquinoline (19). No 8-methoxy compound (20) is found 
(Scheme 9).25 
M eO m 01,0 M eO to I . 
'- I NH '- NH2 
(18) ~ (19) 
Q)H 
M eO 
(20) 
Schemes 
it follows that the 3,4-dialkoxy-j3-phenethylamines (21) should only give 6,7-dialkoxy products (22) 
and never the 7,8-dialkoxy products (23) (Scheme 10), since there is only one possible position of 
cyclisation that is para-to an alkoxy group. Invariably, this has been found to be the case. 
R10~ 
R2D~ NH. 
R10~ 
R20~NH 
CH,O 
(21) (22) 
7(Y)H R20~~ 
R10 
where R' and R2 are alkyl groups 
(23) 
Scheme 10 
However, Spath and Kruta have shown that when a hydroxy group is meta to the side-chain 
instead of an alkoxy group, the above 'orientation rule' is no longer applicable.26 Ring closure occurs 
both ortho and para to the hydroxy group. An example of this is the formation of products (25) and 
(26) from (24) (Scheme 11).27 
9 
OMe 
OMe 
HO 
+ CH3CHO 
M eO 
(24) 
OMe OMe 
OMe OMe 
HO 
+ 
M eO 
(25) (26) 
Scheme 11 
A useful method of controlling the regioselectivity of the reaction was developed by Kametani 
and used in the synthesis of 1,2,3,4-tetrahydro-7,8-dioxygenated-isoquinolines. A bromine atom is 
used as a protective group to block one possible position of cyclisation. This forced ring closure to 
occur at the other position. Scheme 12 shows an example of this procedure.28 
M~/j!, 
OH 
(27) 
CHO 
I 
CH,R 
Scheme 12 
M eO 
Br 
CH2R 
(28) 49% 
In the absence of the bromine atom, one would expect the 1,2,3,4-tetrahydro-6,7-dioxygenated-
isoquinoline also to be a major product. This approach to regioselective control has been employed 
widely but has one severe disadvantage; -the bromine atom exhibits a -1 effect, deactivating the 
aromatic ring. lt is to offset this that the aromatic ring in the bromophenylethylamine (27) includes a 
hydroxy group. Kametani used this methodology in his work on the total synthesis of petaline (29), a 
quaternary benzylisoquinoline alkaloid (Scheme 13).29 
10 
Br 
Br 
( i ) M eO ( ii ) M eO 
M eO 
MeO MeO 
(iii) (iv) 
MeO MeO 
MeO MeO 
(il t~ealfcHo. conc.NH3 orEtoH 
[see Section 1.2(b) for explanation of reaction conditions] 
( ii ) NaBH4 , formalin , MeOH 
( iii ) NaOAc , H,O , Et OH , H, , 10% Pd • C catalyst 
( iv) Mel , acetone 
Scheme 13 
11 
(29) petaline iodine 
---------- ------------
Section 1.2 Modifications to the 'Classical Synthesis' 
There have been many variations on the classical Pictet-Spengler reaction. The following 
sections discuss some of the most interesting and most significant of these. 
(a) The Pictet-Spengler synthesis under 'Ze/lmoq/ich' Conditions 
Many workers have become interested in how nature makes its vast range of isoquinoline-
based alkaloids. To many, a Pictet-Spengler type synthesis in biological systems may be quite 
plausible. However such a synthesis could not use the 'classical' laboratory conditions of high 
temperature and low pH. Many workers have thus investigated Pictet-Spengler syntheses under 
physiologically possible (or 'Zellmoglich' as the early German pioneers in this field termed it) 
conditions, i.e. that of temperature, pH and reactant concentrations found in living systems. 
Much work has been done in this field. There are many examples of Pictet-Spengler 
syntheses under 'Zellmoglich" conditions. Typical conditions used are pH 5-7, 25-40°C and reactant 
concentrations of 0.01-0.04M.21 An example is the formation of 1-piperonyl-6,7-dihydroxy-1,2,3,4-
;so 
terahydro_,quinoline (30) (Scheme 14).30 
HO~ 
HO~ N~ HO 
HO 
+ 
Scheme 14 
In general, it has been found that these reactions tend to be slow compared to the 'classical' 
reaction. They also tend to give poor yields, if the cyclisation precursor is not suitably activated. 
However, one must note that the problem of trying to mimic biological processes is difficult in that 
many are catalysed by enzymes. Thus although the results are in general poor, it does not 
necessarily mean that Pictet-Spengler type reactions are not involved in natural pathways to 
isoquinoline alkaloids. 
12 
(b) The Pictet-Spengler synthesis under Neutral and Basic Conditions 
One of the problems with the 'Classical' Pictet-Spengler synthesis is that it requires acidic 
conditions. lt would be an advantage if the cyclisation could in some way be performed in neutral or 
basic conditions as acid-sensitive groups in a precursor to the tetrahydroisoquinoline could then be 
present. There are examples of such Pictet-Spengler cyclisations in the literature but these are rare. 
One example was reported by Kametani and his eo-workers. They investigated the cyclisations of 
3-hydroxy-N-methylphenethylamine (31) with benzaldehyde. lt was shown that this reaction could 
take place in neutral, basic and acidic conditions (Table 1).31 
Table 1 HODJ + 
"""' I HN, 
Me 
HO 
PhCHO 
(31) 
Entry Solvent 
.P!i Conditions Yield 
/% 
1 EtCH Neutral 10h, reflux 82.2 
2 Pyridine Basic 2h, reflux 77.1 
3 Et3N Basic 2h, reflux 63.2 
4 EtOH /conc.HCI Acidic 2h, reflux 53.0 
Kametani in his synthesis of petaline (29) (as shown in Scheme 13), in fact used either basic 
(concentrated ammonia in ethanol) or neutral (ethanol) conditions in the cyclisation step.29 
Reactions under neutral and basic conditions obviously will not follow the normal mechanism 
as postulated for the 'classical' Pictet-Spengler cyclisation. 
(cl The use of O.N -aceta Is 
The use of O,N -acetals (32) as a variation in the Pictet-Spengler synthesis is not a new idea. 
Removal ol the alkoxy group at the position of cyclisation, by using for example some form of acid, 
generates the iminium ion (33), which can then undergo cyclisation (Scheme 15). 
(32) (33) 
Scheme 15 
13 
Rosenmund synthesised N-ethylnorhydrohydrastinine (34) in the 1910s (Scheme 16) using 
0, N -acetals. 32 
<:0)-Et 
RO~ 
H 
R=HorCH3 
HCI 
Scheme 16 
<~ ~~Et 
(34) 
Despite early work by Rosenmund and others, this methodology did not achieve any 
popularity until quite recently. From the mid-1970s onwards, there are many examples of Pictet-
Spengler1ype synthesis utilising O,N-acetals as precursors. 
By reacting N-benzyl protected amines with a carbonyl compound in an alcohol in the 
presence of anhydrous ~C03, Kubo and his eo-workers were able to make O,N-acetals. These were 
treated with trifluroacetic acid to give tetrahydroisoquinolines. Using this methodology, Kubo 
succeeded in putting various substituents at the C-1 position of the product including a 1-carboxyl 
group. Scheme 17 shows an example of Kubo's work.33 
M eO~ 
MeOY HN'sn 
M eO 
( 11 ) 
( i ) CHO. CO ,Et , J<,C03 , EtOH 
( ii) CF3C02H, RT 
( i ) 
M eO 
M eO 
M eO 
M eO~ Meoy r(~--sn 
MeO I'C02 Et EtO 
CO,Et 
Yield of step ( ii) = 74% 
Scheme 17 
Kubo used this procedure to generate a 1-substituted tetrahydoisoquinoline during his total 
synthesis of (±)-Saframycin, a antitumour antibiotic. This step is shown in Scheme 18.34 
14 
Me 
M eO OMe M eO OMe 
RT 
M eO M eO 
70% 
Scheme 18 
One major advantage of Kubo's method is that the cyclisation reaction takes place at room 
temperature, but the main drawback is that a strong protic acid (CF3C02H) is used. This would mean 
that precursors can not carry acid-sensitive groups. lt is also to be noted that the precursors which 
Kubo has used, typically contain aromatic systems, which are very highly activated for cyclisation. 
Cdl The use of the N-acyliminium ion in the Pictet-Spengler synthesis 
(i) The N-acyliminium ion 
One of the most important developments in the methodology of the Mannich reaction in the 
last two decades is the use of the N-acyliminium ion (36) in place of the usual iminium ion (35). 
(35) (36) 
N-Acyliminium ions can be generated from various precursors, by a number of methods.35 
One would expect that the imino carbon atom in the N-acyliminium ion to be more electron 
deficient due to the N-carbonyl group than the one in the iminium ion. Wiirthwein and his eo-workers 
studied the 13C NMR spectra of three ions, (37),(38) and (39), and this proved to be the case 
(Scheme 19). 36 
189.7 
Phl+/H 
r-NyMe 
Ph o\ 
(37) (38) 170.0 
The counter-ion was SbCI6- in each case. 
Scheme 19 
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190.6 
Ph ) H 
>=N~OEt 
Ph ~~ 
(39) 152.0 
it was found that the signals of the imino carbon were shifted downfield by the presence of the acetyl 
group. 
Thus, one expects the N-acyliminium ion to be a better electrophile than the iminium ion. 
Workers have found that this appears to be the case. it is well known that with poor nucleophiles, the 
classical Mannich (aminoalkylation) reactions with iminium ions do not proceed, but in many cases 
with N-acyliminium ions (amidoalkylation) they will. The Mannich reaction with nitrobenzene is one 
such example.37 
A further advantage that using N-acyliminium ions may have over iminium ions is that the 
reaction products are am ides rather than amines, and may well be more stable. (At this point, it is 
worth noting a warning from Speckamp and Hiemstra:- Although there exists much precedence for 
the greater reactivity in general of N-acyliminium ions over the iminium ion, one must be careful 
before one makes statements comparing the two reagents' simply on the yields of products obtained. 
The products of an amidoalkylation may simply be more stable38). 
(ii) The N-acyliminium ion and the Pictet-Spengler synthesis 
Given the apparent superior reactivity of the N-acyliminium ion, it is not surprising that many 
workers have used this instead of the usual iminium ion in the Pictet-Spengler synthesis.3B A popular 
method is to use an O,N -acetal based on a 5 or 6-membered hydroxy or alkoxy lactam to generate 
the N-acyliminium ion (Scheme 20).38 
Phl 
RO--(yO 
5- membered hydroxy or 
alkoxy lactam 
N~ acyliminium ion 
Scheme20 
Pictet.Spengler 
cyclisation 
Frehel for example, used a Pictet-Spengler cyclisation with an N-acyliminium ion in the synthesis of 
praziquantel (40), a chemotherapeutic agent (Scheme 21).39 The product is obtained in good yield, 
which is a vast improvement in comparison to the 'classical' Pictet-Spengler cyclisation, where 
unactivated aromatic ring systems give poor yields. 
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(i) cua2 • H,O • EtOH • o•c, 1 h 
Qi) NaBH4 , o•c, 45m 
2 steps 
Scheme 21 
66% 
12N Ha. o•c. 
overnight 
o/) 
cif 
(40) praziquantel 
Mollov, Venkov and their eo-workers designed a number of variations using N-acyliminium 
ions, which are of significance. In 1978, they published a new method of synthesising 2-acyl-1-aryl-
-1,2,3,4-tetrahydroisoquinolines, starting from aryl imines of p-phenylamines, using acyl chlorides and 
aluminium chloride. The Lewis acid is used to remove the chloride ion from the intermediate 
(Scheme 22).40 Table 2 summarises some of the results. 
R'XY) I N 
R """-
Conditions: 
R4coa 
R'YY'"l R'v }'-COR4 
a 
R' 
R' 
1. With AICI3, 1,2-<lichloroethane, RT, 3h 
or 2. wahout AICI3 , 1,2-dichloroethane, so•c, 2h 
Scheme22 
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Table2 
Yield% 
Entry R1 R2 R3 R4 with without 
AICI3 AICI3 
1 H H H Me 40 -
2 H H H CICH2CH 70 -
3 H H N02 Me 56 -
4 M eO H H Me 56 50 
5 M eO H H CICH2CH 69 60 
6 M eO H N02 Me 75 64 
7 M eO H N02 Ph 90 78 
As shown, various substituents can be placed in the C-1 position of the 
tetrahydroisoquinoline product. Again, it is significant that precursors with unactivated aromatic rings 
(R1 = H), are cyclised in reasonable yields, -an improvement on the 'classical' reaction. Activated ring 
systems give better results than unactivated. lt was also found that activated systems did not need 
the aluminium chloride; they cyclised upon heating but gave poorer yields than when the Lewis acid 
was employed. Electron withdrawing substituents attached to the acyl moiety such as CI2CH2CH-
improved the yield. Electron withdrawing groups at the R3 position, such as the nitro group, also 
seem to help the reaction. 
This initial work of Mollov and Venkov showed the advantages in using the N-acyliminium ion 
over the normal iminium ion. From this, Venkov later developed three modifications; these are 
summarised in Scheme 23 and Table 3.41 
Method A, B or C 
(X8 Is the halide counter-ion) 
Conditions: 
Method A: (Q RS-CI, CICH2CH2CI; RT, 0.5h 
(iQ AICI3, CICH2CH,CI; reflux, 3h 
Method 8: RiCI, CICH2CH2CI, Kl; RT, 2h 
Scheme23 
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Method C: (i) (before addition of imine) RS-OH, 
CICH2CH2CI, SOCI2, Kl; RT, 1 h 
(ii) addoion of imine; RT, 4h 
Table3 
Yields% 
Method 
Entry R1 R2 R3 A B c 
1 H H COCHCI2 75 75 75 
2 H CsHs COCHCI2 42 72 70 
3 H H COCH3 25 50 46 
4 H 4-N02C6H4 COC6H5 75 72 67 
5 M eO H COCHCI2 55 80 76 
6 M eO H COCH3 70 87 86 
7 M eO H C02CH3 80 - 77 
A synthesis using N-formyliminium ions was also developed by Venkov and Mollov (Scheme 
24). Table 4 summarises some of the results.42 
Two procedures were used. In the first (Method A), a pre-formed N-formyl-2-
phenylethylamine (41) and an aldehyde (42) were added to a strong acidic mixture. In the second 
(Method B), the N-formyl-2-phenylethylamine (41) was formed in situ from the corresponding 13-
phenylethylamine and formic acid, and the aldehyde (42) then added. Both methods required heating 
under reflux. The reaction times varied from 3 to 10h. 
Method A: 
Method B: 
R2CHO (42) , HX , reflux 
Method A orB 
(41) 
N-formyl-2-phenylethylamlnes (41), R2CHO (42) added to 
AcOH/trifluoroacetic acid or 
triftuoroacetic acid/methanesulfonic acid, reflux. 
(i) f!t-phenylethylamine, 100% formic acid, reflux. 
(iQ addttion of R2CHO (42), reflux. 
Scheme 24 
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Table4 
Yield% 
Entry R1 R2 Method A Method 8 
1 M eO H 73* 76 
2 M eO Ph 59 62 
3 H H 57 64 
4 H Ph 52 -
* A variation on method A was used; -the reagents used are N-formyl-2-{3,4-dimethoxy)phenylethylamine, 37% 
paraformaldehyde solution and Et,O.BF3 
Again, unactivated aromatic ring systems underwent cyclisation in reasonable yields. 
Substituents could be placed at the C-1 position. The only major disadvantage was that the reaction 
conditions were harsh. 
le\ The use of N-sulphonvliminium ions 
Mollov and Venkov in addition to the work using N-acyliminium ions, also developed a 
synthesis which produced 2-arylsulfonyl-1,2,3,4-tetrahydroisoquinolines (44). Their methodology is 
summarised in Scheme 25. Table 5 shows some of the results.43 
There were two methods used, A and B. The postulated common intermediate is the 
N-sulphonyliminium species (43). The reactions took between 3 and 8 hours. 
Mollov and Venkovwere able to place substituents at the C-1 position of the products, and to 
cyclise unactivated ring systems. The yields are comparable and in some cases superior to those 
obtained in their N-acyliminium ion work. The sulphonyl group is a very powerful electron withdrawing 
group, better than the N-acyliminium ion. One therefore can envisage that a N-sulphonyliminium ion 
would encourage electrophilic addition to aromatic substrates more readily than N-acyliminium ions. 
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Method A Ft'-D-so,a 
OCH, CH2 a , reflux 
(43) 
! 
R'~ 
R'A.) H~'so2-o-R" 
Method B 
R2CHQ , CF 3CO,H , reflux 
XX?""o 
(44) 
x· = er (Method A) or HO- (Method B) 
(There are other alternative acid conditions for method 8, used for a few of the syntheses.4~ 
Scheme25 
TableS 
.. 
Yield% 
Entry R1 R2 R3 Method A Method B 
A H H H 56 79 
B H Ph H 47 63 
c M eO H H 71 96 
D M eO Ph H 51 70 
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More recently, Lee and Kohn investigated the use of sulphamides of the type (45) to generate 
sulphonyliminium ions (46), and studied the subsequent reactions (Scheme 26).44 
further reactions 
(45) (46) 
Scheme26 
Amongst their results was an impressive one-pot synthesis of 2-sulphamido-1,2,3,4-
·tetrahydroquinoline (47) and ethyl 2-sulphamido-1 ,2,3,4-tetrahydroisoquinoline-1-carboxylate (48); 
-cyclisations of unactivated p-phenylethylamine-based systems (Scheme 27). 
Cl-l,(OMe)2 
Et02CCH(OEt)2 
CF3COfl 
RT, 2days 
Scheme27 
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(47) 80% 
()9~. 
C02Et 
(48) 88% 
Section 1.3 The Pictet-Spengler Synthesis in the preparation of other rjng systems 
Although the Pictet-Spengler Synthesis is used most often in the preparation of 
1 ,2,3,4-tetrahydroisoquinoline systems, it can be employed to prepare other ring systems. One such 
example is the preparation of 1,2,3,4·tetrahydro-{3·carbolines. 
Many 1 ,2,3,4·tetrahydro·{3·carbolines and their derivatives are of increasing interest in 
medicinal chemistry, due to their biological properties such as antiviral activity and their binding to 
benzodiazepine (Bdz) receptors.45 Many workers have used the Pictet-Spengler synthesis to make 
this class of compounds. Two interesting, recent examples are those by Mokrosz (Scheme 28) and 
Balsamini (Scheme 29).46,47 Mokrosz used the {3-carbolines as a way to a new ring system (49); 
Balsamini was interested in derivatives for testing as Bdz antagonists. 
A QJNH2 
~ 
n·BuOH • reflux , 2h 
+ 
H 
A 
A 
Further steps 
(49) 
Scheme28 
,..A" R--eo CH + 00w .. EtAICI2 , DCM ~ R' 0 C(Ph), 
H 
A" C02R' C02R• 
R p·TsOH ~ Toluene, reflux 
C(Ph)2 Ph 
N 
~2 
Scheme29 
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Cook found that the synthesis of many 1 ,2,3,4-tetrahydro-[l-carbolines could be effected by 
simply heating trytophan derivatives with aldehydes under reflux in benzene.48 These reactions 
therefore take place in a non-aqueous medium without the need for the addition of an acid; and is 
thus useful for the syntheses of 1 ,2,3,4-tetrahydro-[l-carbolines, which are acid labile or whose 
precursors are acid labile. This methodology has been used on several occasions;49 Scheme 30 
shows an example.49a 
C02Me 
~ 
H 
GHQ 
I 
+ H-y-0>< 
H2G-O 
Acid labile acetonide of 
D- glyceraldehyde 
Scheme 3D 
C02 Me 
Benzene 
Reflux 
H 
90'/o 
Pictet-Spengler type cyclisations can also be utilised to create rings of other sizes other than 
six, although six-membered rings are the most common. Kraus investigated the formation of some 
seven-membered ring systems containing two heteroatoms, and achieved some success. Table 6 
shows two examples. so 
Table6 
SnCI4 
R 
Entry R X Yield% 
1 OMe 0 26 
2 H s .. 60 
In the last decade, a totally new variation on the Pictet-Spengler synthesis was discovered 
and investigated; this being the oxygen analogue of the synthesis, -the 'Oxa-Pictet-Spengler 
reaction'. A [l-arylethanol (50) derivative is condensed with a carbonyl compound to afford a 2-
benzopyran (51) (Scheme 31). 
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R1~ + R"CHO 
-v bH 
(50) (51) 
Scheme 31 
Wunsch and Zott investigated this synthesis, using (S)-3-phenyl-lactic acid (52) and methyl 
(S)-3-(3,4-dihydroxyphenyl)lactate (53) as starting materials (Scheme 32).51 
(52) R' = H , R2 = H 
(53) R' = OH , R2 = Me 
acid 
Scheme32 
Wunsch experimented with different acidic reagents to initiate cyclisation. Anhydrous 
ZnCiz/HCI gas, methanoi/HCI gas and p.toluenesulphonic acid in chloroform were used with varying 
degrees of success. 
The (S)-3-phenyllactic acid (52) would only undergo the cyclisation reactions with aromatic 
aldehydes. In contrast, methyl (S)-3-(3,4-dihydroxyphenyQiactate (53) reacted with both aromatic and 
aliphatic aldehydes as well as with ketones. Wiinsch suggests that this difference was due to the 
greater electron-density and therefore greater nucleophilicity of the aromatic ring in the latter. An 
example of the reaction methyl (S)-3-(3,4-dihydroxyphenyQiactate (53) with a ketone is shown in 
Scheme33. 
!:l Ho~CO.,Me + 
HO~ bH 
(53) 
6 HO p-TsOH · " CHCI3 , reftux HO 
(54) 
Scheme33 
Little or no racemisation of the chiral centre took place; the product (54) had an enantiomeric purity of 
>96% e.e. 
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Section 1.4 The asymmetric Pictet-Spengler synthesis 
The asymmetric synthesis of 1 ,2,3,4-tetrahydroisoquinolines has been investigated widely in 
recent years. Various routes to asymmetric tetrahydroisoquinolines have been devised, which try to 
define the stereochemistry at the C-1 chiral or stereogenic centre.52 The Pictet-Spengler synthesis 
has been used as one such route. However, it is surprising how relatively little has been done on the 
asymmetric Pictet-Spengler synthesis, since it is the most direct route to tetrahydroisoquinolines. 
Routes to asymmetric synthesis can be classified into four groups. These can be termed first, 
second, third and fourth -generation methods.53 
First-generation or substrata controlled methods involve the formation of a new chiral centre 
in a substrata (S) under the influence of an adjacent chiral group (X*) already present, in a reaction 
with a reagent (R) (Scheme 34). 
R S-X!' P* 
Scheme34 
Second-generation or auxiliary-controlled methods, are those in which an achiral substrata 
(S) is made chiral by the attachment of a chiral auxiliary (A*). The subsequent reaction with a reagent 
(R) gives a new chiral centre stereoselectively. The chiral auxiliary can then be removed to leave the 
new chiral product (P*) (Scheme 35). 
s A* S-A* R P*-A* 
-A* p• 
Scheme35 
Third-generation or reagent-controlled methods use- a chiral reagent (R*) to convert the 
substrata (S) into the new chiral product (P*) (Scheme 36). 
s 
R* p• 
Scheme36 
Fourth-generation or catalyst-controlled methods involve using a chiral catalyst (C*) to 
influence the reaction of an achiral substrate (S) and achiral reagent (R) to give the new chiraJ product 
(P*) (Scheme 37). 
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s R P* 
C* 
Scheme37 
In the Pictet-spengler synthesis, first generation methods have been used for many years. 
New stereogenic centres have been formed under the influence of an adjacent group already present 
in the ~-phenylethylamine substrata. 
Yamada and Brossi for example have made use of 1 ,3-asymmetric induction. They 
performed the Pictet-Spengler synthesis with compounds based on (or similar) to L-phenylalanine. 
Scheme 38 shows work by Brossi, where L-Dopa (55) was condensed with acetaldehyde, and a 90% 
d.e. was reported.54,55 
!:J 
HoyyycooH 
HO~ NHz 
(55) 
HO 
+ 
HO 
Major diasterioisomer 
Scheme38 
The initial chiral centre has influenced the creation of the new chiral centre, at a position two atoms 
away. The diastereoisomers of these new cyclic 'amino acids' created by Brossi and Yamada, could 
be separated by recrystallisations and chromatography. 
Yamada also showed that it is also possible to remove the acid group after the cyclisation 
without racemisation to the new chiral centre, by the series of reactions shown in Scheme 39. In 
effect, one can use the inttial chiral centre as a 'pseudo-auxiliary', which influences the creation of the 
new chiral centre and then can be removed. 55,56 
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CO ,Et 
(Q CH3CHO 
(ii) EtOH • HO 
NH, 
CONH, 
(i) PhCH,Br 
MeOH (ii) P003 
Me 
(i) NaBH4 
QQ Pd- C 
Scheme39 
Kano and his eo-workers developed an interesting Pictet-Spengler cyclisation, where the 
stereochemistry of the product is controlled by the stereochemistry of an .\;':\"\'< ring in the precursor, 
adjacent to the site of cyclisation.57 An example is shown in Scheme 40. 
MeO~ 
MeO~ Co:(l 
MeOX).? O I HN~ 
MeO """- Me N~ )-I Ph 
Et02C 
( iv) (i)' (ii)' (iii) 
:::crJopo 
H ~ 
Ph 
Me 
M eO 
( v) 
M eO 
(56) 
(Q Et,N, CIC02Et QQ NaN3 (iiQ Et02CCH(CH,)CH2NHCH2Ph 
(iv) Dl BAH (v) HC02H 
Scheme40 
lt was found that the precursor (56) reacted to give only one stereoisomer (57), in 53% yield. Kano 
postulated that this was due to the steric interaction of the methyl group attached to the alicyclic ring 
and the hydrogen atom, H', in the intermediate (Scheme 41), which favoured (58) as oppose to (59). 
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(58) (59) 
Scheme 41 
Third generation methods, where a chiral reagent is employed have also been used. 
Maclean and Szarek for example investigated the use of carbohydrates, sinoe many enantiomerically 
pure ones are available. They condensed dopamine hydrochloride (60) with (R)-(+)-glyceraldehyde 
(61) (Scheme 42). A -80% d.e. was reported. 52 
(60) 
+ 
XQ~ 
H<fH 
CH, OH 
(62) 
major diasteriomer 
QHO 
H-Q-OH 
CH,OH 
(61) 
+ 
Scheme42 
The stereoselectivity was explained by using an analogy to Cram's rule. The favoured 
conformation of the intermediate iminium ion and the favoured direction of nucleophilic attack by the 
aromatic ring was thought to be as shown below: 
The major component (62) was derivatised and separated from the minor component by 
chromatography. lt was then elaborated to form several alkaloid derivatives. 
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Similarly, many workers have used chiral a-amino aldehydes to produce an asymmetric 
Pictet-Spengler synthesis. D-amino aldehydes tend to give the major product with the C-1 hydrogen 
in the a-position, whilst L-amino aldehydes favour the C-1 hydrogen in the j3-position.58 
a 11 
Definition of a and j3 positions 
McNulty and Still employed this technology. They wished to synthesise (-) woodinine (66), a natural 
product from the tunicate Eudistoma glaucus. (63), a tryptamine derivative, was reacted with (64), a 
L-amino aldehyde prepared from L-proline ( ($)-(-)-proline). The diastereoisomers produced were 
further elaborated to give two products (65) and (66) in a ratio of 84:16 (Scheme 43).59 
Br~H, + 
z 
(63) 
Br 
n""CHO '-...~··,,H 
I 
Boc 
(64) 
trifluoroacetic acid 
Br 
Br 
Scheme43 
Br 
(65) 
+ 
(66) 
Very recently, Spitzner reported a very novel and interesting asymmetric Pictet-Spengler 
reaction in the synthesis of some indole alkaloids (Scheme 44).60 The synthesis is based on earlier 
work done by Wenkert.61 Enantiomerically pure carbolines can be made by using a 'reaction 
cascade'. A chiral nucleophile is added to the pyridinium compound (67), initiating a Pictet-Spengler 
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type ring closure. (-)-(2R, 6R)-2-tert-butyl-6-methyl-1,3-dioxan-4-one (68)62 was found to be a 
particularly suitable chiral nucleophile, resulting in only one diastereoisomer (69) (according to 1 H 
NMR analysis). (69) was further elaborated, to give (-)-isovallesiachotamine and (+)-
vallesiachotamine, two naturally occurring indole alkaloids. 
(67) 
(i) • Oil 
+ 
(68) 
Conditions: 
(i) 2.2 equivalents lithium diisopropylamide, THF 
(i~ HBr(g), benzene, pH 6.5 
Scheme44 
C02 tBu 
0 
(69) 
Although the Pictet-Spengler reaction has been known for many years, surprisingly little has 
been done on trying to control the new chiral centre by using a removable chiral auxiliary i.e. a 
second-generation method. Hence the work of Comins and Badawi is particularly interesting. 
Comins and Badawi reacted a chiral urethane (70) with a protected aldehyde (71), to give 
diastereoisomers (72) and (73) wnh a d.e. of 66% (Scheme 45).63 
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::m,,C02 R* 
0) 
{70) 
{71) 
POCI3 , DCM 
(-) - 8- phenylmenthyl • 
0) 
(ii) 
Scheme45 
M eO 
M eO 
OMe 
(72) 
+ 
:::~C02 R* 
"&0~ 
OMe 
major. diasterioisomer 
{73) 
The (-)-8-phenylmenthyl group was the chiral auxiliary, and can be removed. lt is believed 
that the observed stereoselectivity was due to the following favoured transition state: 
OMe 
OMe 
lt-complexation between the eclipsing aromatic and double bond systems, dictated the most favoured 
direction for electrophilic attack. 
32 
Chapter 2 Development of a new Pictet-Spengler synthesis 
The 'classical' Pictet-Spengler synthesis has a number of problems; -the cyclisation of 
unactivated aromatic systems is poor, harsh protic conditions are often used and the group at the C-1 
position in the 1 ,2,3.4-tetrahydroisoquinoline product is usually methylene. The initial objective was to 
develop a new version of the Pictet-Spengler reaction, which would not only avoid these problems but 
would also give us the possibility of developing stereochemical control over the reaction at a later 
time. The following reaction sequence was thus proposed (Scheme 46). 
(74) 
> 
Lewis acid 
==~ 
non-aqueous media 
R'l',~''r_-._\-(OMe 
R2~ A 0 
MeO AS 
(76) 
Scheme46 
(75) 
The 1 ,2,3,4-tetrahydroisoquinoline derivatives (74) could be synthesised via the 
N-acyliminium ions (N-alkoxycarbonyliminium ions) (75), which could be generated from 
a-methoxyurethanes (76) by use of a suttable Lewis acid in a non-aqueous, aprotic medium. 
We wished to use N-acyliminium ions because of their greater electrophilicity compared wtth 
iminium ions. We were particularly interested in using N-alkoxycarbonyliminium ions (75) as several 
workers have used these types of intermediates with some success.64,65 The precursors to these 
ions -the a-methoxyurethanes- can be prepared by a number of possible methods (see Section 
2.1.1). The urethane group is potentially useful in later work in controlling the stereochemistry of the 
cyclisation, and if required can be converted to the amine group at a later stage. 
The use of Lewis acids in non-aqueous media in the cyclisation step would preclude problems 
that could arise if Bmnsted acids in aqueous media were used. The proposed methodology also 
allows various substituents to be placed at the new C-1 centre. 
In developing the proposed methodology, a study of the possible ways of making 
a-alkoxyurethanes first had to be undertaken. Once the syntheses of these intermediates could be 
achieved satisfactorily, reagents and conditions for the cyclisation could then be investigated. 
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Section 2.1 The synthesis of a-alkoxyurethanes 
2.1 .1 Background 
Various N·(a·alkoxy-alkyi)-N-carbonylamides (77) have been found to be herbicidally active 
and have been manufactured as commercial herbicides.66 
a-alkoxyurethanes have in the past been valuable intermediates. 64•67 They have been used in the 
synthesis of physiologically active compounds such as alkaloids,678 amino-acids67b and nitrogen-
containing phosphorus compounds_67c 
There thus exist a number of possible methods which may be used to make the a-alkoxyurethanes, 
that are required. Some useful methods are: 
(a) The 'classical' imine approach 
(b) The imine approach using diatkyt pyrocarbonates 
(c) The aza-anion approach 
(d) The electrochemical approach 
tal The 'classical' imine approach 
First used by Bohme and Hartke, this is possibly the most straight forward of routes available. 
lt involves the reaction of an imine with a halocarbonyl compound to give an intermediate (78), which 
on quenching with base and an alcohol gives the N-(a-alkoxy-alkyi)-N-carbonylamides (77) (Scheme 
47).66,68 
R'CO-X R'OH 
Base 
(11) 
X= halogen 
Base can be triethylamine or sodium caribonate 
Scheme47 
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This reaction has been found to be of great synthetic use but in some cases it is known to 
fail. This is the case for imines with particularly bulky N-substituted groups, but the reason for this is 
not clear. 1t has been suggested that bulky substituents hinder the initial alkoxycarbonylation step.69 
Venkov and his eo-workers in the course of their work in generating certain N-alkyl (and aryi)-
N-(a-alkoxy-a-arylmethyi)-N-carbonylamides have found Bohme and Hartke's method to be 
unsatisfactory. They suggested that the intermediates for their particular compounds were unstable to 
base. Thus they developed a variation which uses suitable carboxylic acids, ortho esters and thionyl 
chloride (Scheme 48). 66 
R"CC2 H 
CH(OR'), 
soa2 
Scheme48 
lb) The imine approach usina dialkyl pyrocarbonates 
A closely related variation on the above approach is the use of dialkyl pyrocarbonates. 
Magnus, whilst investigating routes to tetracyclic indole alkaloids, discovered that the reaction of 
imines such as (79) with the mixed anhydride (80) gave as a by-product the a-ethoxyurethane (81) 
(Scheme 49).70 
(79) {SO) (81) 19% 
R
1 
= Meo-Q-l~ 
R" = CH,CH,(0Me)2 
Scheme49 
This was further developed by Speckamp as a synthetic method. He, and subsequently Overman, 
both used the commercially available diethyl pyrocarbonate (82), to gave a-ethoxyurethanes in good 
yields (Scheme 50) .71 
35 
Et OH 
66h at 70° c 
89% 
Scheme so 
le\ The aza-anion approach 
This approach utilises secondary urethanes as starting materials. A base is used to generate 
the anion (83) at low temperatures. A a-halo-a-alkoxyl compound (84) can then be added to give the 
a-alkoxyurethanes. This technology was developed by Heaney and his eo-workers, utilising LOA and 
n-Buli as bases in THF (Scheme 51). 72.73 
LOA orn-BuU 
lHF ., 
1 -2hat-78 c (i) 1hat-78 c 
( ii ) warmed to RT 
(83) 
X= halogen 
Scheme 51 
Similar methodology was also developed by the groups of Pandit and Speckamp, but using NaH in 
DMF (Scheme 52).74 
(I) NaH, DMF 
(50m at Rl) 
( 11 ) CICH,OMe 
Id\ The electrochemical approach 
(15m at -60° C, 
16 -18h at Rl) 
Scheme 52 
70% 
An electrochemical procedure -the anodic a-methoxylation of urethanes- was developed by 
Shono.64 11 is a novel approach to the generation of a-alkoxyurethanes, but allows the synthesis of 
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some compounds which would otherwise be difficult. Shono's procedure is carried out in an 
electrolysis cell in the presence of an electrolyte (tetraethylammonium p-toluenesulfonate). The 
starting materials -the urethanes (85), which must have a hydrogen on the carbon adjacent the 
nitrogen- are dissolved in methanol. Oxidation gives the intermediate acyliminium cations (86), which 
capture methanol to give the required products (87) (Scheme 53). 
C02 Me 
[ C0
2
Me l C02 Me I A2 -z.- I R2 MeOH I R2 
R'-N-cH( R'-N-c/ R'-N-c/ 
R3 -H+ + ....... R3 I'R' 
OMe 
(85) (86) (87) 
Scheme 53 
Methoxylation is highly regioselective when unsymmetrical urethanes are used, and always takes 
place in the order CH3 > CH2 > CH. 
Examples of this reaction is shown below (Scheme 54). 
~NH I 'co,Me 
)) 
I CO,Me 
C}--co2Me 
I CO,Me 
Scheme 54 
2.1.2 The synthesis of a-methoxvurethanes 
~NH I ),., 'co~e 
OMe 
77% 
69% 
Meo~C02Me 
I 
C02Me 
87% 
We wished to synthesise a whole range of a-methoxyurethanes. We chose to make the 
simplest of these, N-(a-methoxy-alkyi)-N-methoxycarbonylamides (88), as this would make the 
interpretation of spectral data easier. 
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(88) 
Two series of N-(a-methoxy-alkyi)-N-methoxycarbonylamides (Series I and 11 in Scheme 55) 
were required as precursors for a Pictet-Spengler cyclisation. 
Series I 
MeO~N-(OMe 
MeOA..} )_ 0 
MeO R 
M eO~ 
MeO~ NH, 
Series 11 (89) 
> 
(90) 
Scheme 55 
Series I are cyclisation precursors with an activated aromatic ring system, which could be derived 
from homoveratrylamine (89). Series 11 are precursors with an unactivated aromatic ring system and 
could be derived from ~-phenylethylamine (90). 
Method (a) -the methodology of Bohme and Hartke- was considered first. This route proved 
to be very versatile and very successful. Several imines were made by condensing (89) and (90) with 
various aldehydes (Table 7). On reaction with methyl chloroformate, followed by triethylamine and dry 
methanol, these gave a number of N-(a-methoxy-alkyQ-N-methoxycarbonylamides in generally good 
yields (Table 8). 
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Table7 
39 
r Entrv 
2 
3 
4 
5 
6 
~R (i) Me02CCI 
Ar 
- N MeOH ~0 E13 • 
Starting Materii!.[ 
Series! ~Ph 
M eO~ 
MeO '<::,. 
(91) 
~ M eO~ 
M eO 
(92) 
Series 11 Ph 
- ~ V 
(93) 
(94) 
~ V 
(95) 
I 
(96) 
I Produ!2! 
(97) 
OMe 
MeO([)N-{ 
MeO MeO~ 
(98) 
(99) 
(100) 
(101) 
CON--{.OMe 
'<::,. MeO-x O 
(102) 
. 
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Yield% -l 
75 
45 
83 
76 
68 
0% 
However, when the synthesis of (102) was attempted, Method (a) failed (Table 8). A variation 
of Method (b) -the method of Speckamp- was then tried using dimethyl pyrocarbonate (103). This 
yielded (102) but only in 26% yield (Scheme 56). 
0 0 
~ MeOAOAOMe CC)-lMe (103) MeOH Me01: O 1 B'hh at Reflux 
(96) (102) 
Scheme 56 
Investigation of Method (c) -the aza-anion approach- was also undertaken. 1t was hoped that 
this would provide a useful alternative to the imine methods. Methyl urethanes of amines (89) and 
(90) were easily made by the method of Shone (Scheme 57).64a 
(89) R= OMe 
(90) = H 
Me02CCI 
DCM 
anhydrous Na,C03 
Scheme 57 
XJJyoMe 
0 
(104) R = OMe yield= 91% 
(105) = H = 76% 
However the principal problem encountered was in making the a-halo-a-methoxy 
compounds. These are very reactive intermediates and are readily hydrolysed. 
Several methods can be found in the literature for making a-halo-a-alkoxy type 
compoundsJ5,7S,77 Using the method of Lokensgard,75 a-chloro-a-methoxytoluene (107) was 
prepared from benzaldehyde dimethyl acetal (106) using acetyl chloride. Reaction of (107) with the 
anions generated with n-Buli from the secondary urethanes (104) and (105) gave the expected 
N-(a-methoxy-alkyi)-N-methoxycarbonylamides in good yields (Scheme 58). 
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j\__JOMe 
~"oMe 
(106) 
(104) R = OMe 
(105) = H 
A ea 
45- 50°C 
1h 
( i) n-BuU , -78°C 
( ii) (107) , -78°C 
( iii) RT 
Scheme 58 
R,(~'Y-.._\-{OMe 
~ ;o 
MeO Ph 
(97) R = OMe yield= 61% 
(99) = H = 63% 
Attempts to prepare the a-chloro-a-methoxy compounds (108) and (109), from anisaldehyde dimethyl 
acetal and cyclohexanecarboxaldehyde dimethyl acetal respectively, were unsuccessful, as the 
products decomposed upon attempted distillation. 
Me0-~0 
\J\__ OMe 
(108) 
o-<:Me 
(109) 
The utilisation of Method (d) was also considered. The following scheme was proposed, 
which also uses the aza-anion technology of Method (c) (Scheme 59). This would have given a route 
to some novel N-(a-methoxy-alkyi)-N-methoxycarbonylamides. 
Methcd (d) 
==§> 
Scheme 59 
OMe 
~NH 
I 
~NH 
I C02 Me 
C02 Me 
However on examining the literature closely, it was found that Shono had proceeded along similar 
lines (Scheme 60).67d 
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OMe 
~NH 
I 
C02Me 
(i) NaH, DMF 
( ii) RX 
Where (a) R = Ph%- X= Br 
(b) = ~ = Br 
(c) = Et- = I 
+ 
(110) (111) 
Scheme60 
He found that after the addition of the alkyl halide, the product was a mixture of the a-methoxy-
-urethane (110) and the elimination product -the eneurethane (111). lt was thus decided not to 
proceed further along this line. 
lt can be seen that there are a number of routes that may be used to generate 
a-methoxyurethanes. These compounds are thus viable intermediates in organic synthesis. 
lt has been shown that it is possible to prepare a-methoxyurethanes for our proposed 
modification of the Pictet-Spengler synthesis in good yields, via (a) the 'classical' imine route using 
chloroformates, (b) the modified imine route using dialkyl pyrocarbonates or (c) the aza-anion route. 
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Section 2.2 Preliminary Studies of the cyclisation reaction 
The a-methoxyurethane precursors having successfully been made, the next step was to 
proceed with the investigation of the cyclisation reaction. With a Lewis acid, it was believed that this 
would proceed by the mechanism shown below {Scheme 61). 
where MX,, 1 is the Lewis acid 
Scheme61 
2.2,1 Cyclisation reactions with Trimethylsilyl- reagents 
la\ ftla-methoxy-a-phenylmethyll-N-methoxycarbonylamides 
We began by using trimethylsilyl- based Lewis acids, trimethylsilyl chloride (TMSCI) and 
trimethylsilyl triflate (TMSOTJ). The reactions were carried oUt under an inert atmosphere. 1.2 molar 
equivalents of the Lewis acid were added to the a-methoxyurethanes dissolved in dry acetonitrile. 
Previous work by Heaney and his eo-workers have shown that acetonitrile is the optimal solvent for 
many reactions with TMS- reagents.78 
The cyclisation of the N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamides, {97) and 
(99), were the first to be investigated. The results are shown below (Table 9). 
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Table9 
Entry Starting !!!aterial f!eagent ~x12ected Product Yield 
/% 
MeOX):JN-lMe 
·xy 1 TMSCI MeO '- I YOMe 90 MeO '- M.o--( O 
Ph Ph 0 
(97) (112) 
2 -11- TMSOTf -11- 93 
(97) (112) 
3 
aJN-iOMe 
TMSCI OQY"' 0 MeO-< O Ph Ph O 
(99) (113) 
4 -11- TMSOTf -11- 99 
(99) (113) 
In the case of (97), where the aromatic ring is activated, TMSCI gave the product (112) in 
good yield (Entry 1). In the case of (99), where no activation is present, the reaction with TMSCI 
failed (Entry 3); -the material isolated being the secondary urethane (105) and benzaldehyde. 
(105) 
However when TMSOTf was used, the cyclisation proceeded with both compounds, giving (112) and 
(113) in excellent yields (Entries 2 and 4). 
At first these results seemed puzzling, but on further reflection they could be rationalised by 
suggesting that the reaction mechanism is not as simple as the one proposed in Scheme 61. 
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One could suggest that the N-acyliminium ion (114) generated in the reaction could either 
undergo the cyclisation reaction (an essentially irreversible process) or add reversibly to the anion 
present i.e. the chloride ortriflate anions, to give an adduct (115) (Scheme 62). 
-x-
(115) 
Where X = llO or a 
Scheme62 
Therefore one explanation is that it depends on the equilibrium between the adduct (115) and the 
N-acyliminium ion (114), whether cyclisation occurs or how fast it occurs. The chloride anion is a 
better nucleophile and a poorer leaving group than the triflate anion. Hence, one would expect this 
equilibrium to lie more towards the adduct's side with TMSCI tban with TMSOTf. lt would therefore be 
anticipated that TMSOTf would be a more successful cyclising reagent than TMSCI. On aqueous 
work-up, one would expect that any adduct present would be hydrolysed to the secondary urethane 
and benzaldehyde. 
Therefore in the case of (99), one could postulate that with TMSCI, the adduct predominates; 
-therefore no cyclisation takes place. Wtth TMSOTf, one could assume the free N-acyliminium ion 
predominates; -therefore cyclisation does take place. In the case of (97), one could propose that the 
activation of the aromatic ring aids cyclisation of the N-acyliminium ion and forces the equilibrium 
towards the cyclised product (112) even when TMSCI is used. 
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A second related explanation can also be put forward, based again on the idea of an 
equilibrium between the N-acyliminium ion and the anion adduct. One could suggest that there are 
two possible routes to the cyclised product (Scheme .63). The first route as before would be via the 
N-acyliminium ion; the second however would be via a direct SN2 displacement of the anion in the 
adduct by the aromatic ring. 
R'Dl .P I N--(OMe 
R2 """'- )__ 0 
MeO Ph 
11MS-X 
R'D) I + 
R2 """'- (Jr'Me 
Ph 0 
-x-
(114) I 
(115) 
SN2 displacement 
Where X = 1fO or a 
Scheme63 
With TMSCI, for the reasons discussed above, the ad.duct is the predominant intennediate. If 
so, cyclisation must go via the SN2 displacement from the adduct. For such a reaction, the activated 
aromatic ring system of (97) is a far superior nucleophile than the unactivated aromatic ring system of 
{99). Therefore {97) gives the cyclised product but not {99). 
With TMSOTf, the N-acyliminium ion is in theory the predominant intermediate. Because of 
the latter's high reactivity, activation of the aromatic ring is not necessary for the reaction to proceed. 
Hence both {97) and {99) undergo cyclisation. 
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!bl N-!a-methoxy-a-alkVImethyll-N-methoxycarbonylamides 
The cyclisations of N-(a-methoxy-a-alkylmethyl)-N-methoxycarbonylamides was next looked 
at. This would give alkyl groups at the new C-1 position. The results with compounds (98), (100) (101) 
and (102) are shown in Table 10. 
Table 10 
Entrv Starting material Beage!J! Ex(!ected Produc1 Yield 
/% 
MeOU)N-tMe M eO 1 TMSCI 89 
MeO '- MeO-)-0 M eO 
(116) 
(98) 
2 
-11- TMSOTf -·-11- 72 
(98) (116) OJ OMe ~~ 3 N-< TMSOTf 0 ~0 Me 
(117) 
(100) 
4 TMSCI 0 
(101) (118) 
5 
-11- TMSOTf -.-11- 0 
(101) (118) 
6 o:>-<OMe TMSOTf 0 ~0 Me 
(102) (119) 
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The reaction of (98) with TMSCI and TMSOTf (Entries 1 and 2) result in high yields of the 
required product. This could again be attributed to the high reactivity of the activated aromatic ring 
system overriding any counter-ion effect. 
With unactivated aromatic ring precursors, (100), (101) and (102), no cyclisation occurs with 
either TMSCI nor TMSOTf. Examination of the 1 H NMR spectra of the reaction mixtures after work-up 
showed the presence of the decomposition products, -the secondary urethane (105) and 
corresponding aldehydes. Clearly, something different was occurring in these reactions compared to 
the case with the unactivated N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamide (99), which 
undergoes cyclisation with TMSOTf. 
One early theory had been that stable enamines, of the type (120), were being formed, which 
were hydrolysed on work-up (Scheme 64). However the fact that (102), which cannot form the 
enamine, fails to cyclise (Table 10, Entry 6), suggests that this is not the reason. 
Hydrolysis on work-up 
Enamine formation 
()JyoMe 
0 
Scheme64 
Ol=<~· 
(120) 
+ >-GHQ 
One reasonable explanation for the disparity in the results between the unactivated N-(a-
-methoxy-a-phenylmethyi)-N-methoxycarbonylamides and the unactivated N-(a-methoxy-a-alkyl-
-methyl)-N-methoxycarbonylamides in the reactions with TMSOTf, may lie in the differences between 
the postulated intermediate species for the two sets of compounds. 
With N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamides in these reactions, the phenyl 
group could help to do two things; -firstly to generate the N-acyliminium ion either from the 
a-methoxyurethane precursor or the anion adduct, and secondly to stabilise the N-acyliminium once it 
had formed (Scheme 65). Assuming that with unactivated aromatic ring systems, cyclisation only 
occurs from the N-acyliminium ion, this would therefore aid cyclisation. 
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The phenyl group helping formation 
of the N-acyliminium ion. 
Minor species 
t 
Scheme65 
There is no possibility of stabilisation of this type with the N-(a-metho:Xy-a-alkylmethyi)-N-
-methoxycarbonylamides. Thus it is more difficult to form the N-acyliminium ions, -the activation 
energy barrier is large. However, once formed, the N-acyliminium ions could rapidly react with the 
counter-anion present to form a stable adduct, even with the triflate anion. Cyclisation therefore would 
not take place (Scheme 66). 
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o:(y~ 
Unstable 
Stable anion-adduct 
Scheme66 
2.2.2 Cyclisation reactions using titanium I!Vl chloride 
(al Titanium IIVl chloride versus Tin IIVl chloride 
Due to the TMS reagents being only partially successful, we wished to explore the use of 
other Lewis acids. SnCI4 and TICI4 were readily available, and were therefore obvious candidates. 
The initial fear was that both Lewis acids were good complexlng agents, and the cyclisation 
precursors would provide ample hetero·atom sites for co-ordination. Should strong co-ordination 
occur, cyclisatlon may be hindered. A 60MHz 1 H NMR experiment was therefore performed: 
MeO~N-lMe 
MeOJVMeo--( 0 
Ph 
(97) 
1. A few drops of SnCI4 were added to (97) dissolved in CD Cl3 . 
2. A few drops of IiC14 were added to (97) dissolved In CD (;13. 
In the case of SnCI4, the 1H NMR spectrum showed that the signals due to the MeO- groups 
in (97) were still present but shifted downfield. This suggested that (97) was still intact and the 
reagent had just co-ordinated with the heteroatoms. 
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With TiCI4, the 1 H NMR spectrum was different from that obtained with SnCI4. The MeO-
region was shifted downfield to 4 - 4.8ppm and looked more complicated. The broadness of the 
spectrum hindered further conclusions. 
On the basis of this preliminary NMR study, we chose to study the use of TiC14• First the 
methodology had to modified. Being aware that TiCI4 was an extremely good complexing agent, 
dichloromethane was chosen as the solvent rather than acetonitrile. TiCI4 is also known to be a more 
vigorous reagent than TMSCI and TMSOTf, so as a precaution, it was decided to add this reagent to 
the precursors at -78°C. 
lb\ Cyclisation with titanium IIVl chlorjde 
Reactions of TiCI4 with several a-methoxyurethanes were performed. 1.37 molar equivalents 
of TiCI4 were used. Under nitrogen, TiCI4 was added at -78°C and the reaction mixture was then 
brought up to room temperature. The results are summarised in Table 11. 
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Table 11 
1 
2 
3 
4 
5 
6 
Starting material 
MeO~N-lMe 
MeO~eO-< O 
Ph 
(97) 
Me00'N-lMe 
,.A}.-}-o 
(98) 
(100) 
(101) 
Tiel4 
Tier. 
Tier. 
Tie14 
Tiel4 
Expected Product 
MeO'(Irl.YOMe 
M eO~ 
M eO 
M eO 
Ph O 
(112) 
(116) 
cx;:y .. 
Ph 0 
(113) 
C2y-· 
(117) 
(118) 
119 
Yield/% 
98 
82 
100 
90 
89 
73 
As Entries 1 and 2 show, when the aromatic ring system is activated, cyclisation takes place 
as in the cases with TMSel and TMSOTf. As in the case with TMSOTf, it can be seen that the 
unactivated N-(a-methoxy-a-phenylmethyQ-N-methoxycarbonylamide (99) cyclises (Entry 3). 
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However unlike with the TMS- reagents, the N-(a-methoxy-a-alkylmethyi)-N-methoxycarbonylamides 
(100), (101) and (102) all reacted to give the cyclised products in high yields (Entries 4, 5 and 6). 
Again, what was actually occurring in the reaction was not straight forward. lt is clear that 
TiCI4 is operating in a different manner to the TMS- reagents. 
One explanation for what is occurring is as follows: As with the TMS- reagents, TiCI4 
removes the methoxy group of the a-methoxyurethane, to leave the N-acyliminium species (75), 
which is in equilibrium with the chloride counter-ion adduct (Scheme 68). 
R'~N-(OMe 
R2JV I 0 
Cl--" A' 
(75) (121) 
Scheme67 
For the same reasons as discussed for the TMS- reagents, cyclisation should proceed without 
problems if the aromatic ring is activated. However, if the aromatic ring is unactivated, the same 
problems as for the case with the TMSCI reactions should be encountered; -the adduct (121) 
predominates and cyclisation fails. However, TiC14 is well known as a Friedei-Crafts alkylation and 
acylation reagent;79 and it is therefore possible that the excess TiCI4, present in the reaction mixture, 
could remove the chloride ion from the adduct (Scheme 68). 
(121) 
Scheme68 
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This would ensure that the predominant intermediate species is the N-acyliminium ion, which in theory 
should cyclise readily. This would explain why all the precursors with unactivated aromatic ring 
systems cyclised with TiCI4. 
2.2.3 Section Summary 
This section has shown the initial development of the cyclisation reaction and the 
consideration behind each step. The reaction has proved to be more complicated than at first thought. 
Mechanistically, three main inter-linked ideas have emerged: 
1. Precursors with activated and precursors with unactivated aromatic ring systems behave 
differently. 
2. Differences in the groups, which will eventually occupy the new C-1 position in the 
tetrahydroisoquinoline, "'!feet cyclisation. 
3. There is substantial evidence for the existence of an adduct (from the first-generated 
N-acyliminium ion with the anion of the Lewis acid used), being one of the species in the 
reaction mixture. lt is likely, that this is in equilibrium with the N-acyliminium ion, and it is this 
equilibrium which controls the reaction. 
Three Lewis acids were tried, -TMSCI, TMSOT! and TiCI4• By choosing the appropriate 
reagent, all the precursors available to us could be cyclised. Three general conclusions can be drawn: 
1. The precursors with activated aromatic ring systems can be cyclised by any of the three 
reagents. 
2. The N-(a-methoxy-a-phenylmethyl)-N-methoxycarbonylamide with an unactivated aromatic ring 
system (99) can be cyclised by TMSOTI. 
3. TiC14 cyclises all the precursors available, including the N-(a-methoxy-a-alkylmethyQ-N-
-methoxycarbonylamides with unactivated aromatic rings. 
The first objective of the project has been achieved. A new variation on the Pictet-Spengler 
synthesis has been created. The cyclisation step takes place in aprotic condftions and at room 
temperature. Different substituents can be placed at the C-1 position of the new 
tetrahydroisoquinolines. 
We wished next to continue the development of the cyclisation reaction. Mechanistically, 
several questions still needed to be asked. More evidence was needed to support our theories. 
Synthetically, we wished to look at variations in structures of the precursors and at the use of more 
Lewis acids. 
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Section 2.3 Further investigations into the cyclisation reaction 
In developing the new variation of the Pictet-Spengler synthesis, mechanisms were 
suggested to explain the way the cyclisation reactions proceeded and why some reagents succeeded 
whilst others failed. However it was felt, that more evidence was needed to support these proposals. 
The following results and discussion show the attempts made to fill this gap and to answer a number 
of questions. 
2.3.1 Evjdence for the counter-ion effect 
The reaction of (99) with TMSCI fails (Scheme 69). lt was suggested that this was due to a 
'counter-ion' effect and the stability of the chloro adduct (123). 
~N-lMe 
VMeO--< 0 
(99) 
Ph 
r"Y-\-{oMe 
V I o Cl~ 
Ph 
(123) 
Scheme69 
("()_ 
~yoMe 
Ph O 
(113) 
If this was indeed correct, then adding some sort of 'halide scavenger' would enable this cyclisation to 
occur (Scheme 70). 
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O)y .. 
Ph O 
Halide ScEl\.<!Tlger 
(123) (122) 
0?Y .. 
Ph O 
(113) 
Scheme70 
The most obvious 'halide scavengers' are silver salts and Friedei-Crafts (Lewis acid) reagents. 
The use of silver salts was explored first of all. Silver tetrafluoroborate was the reagent that 
was chosen. it is soluble in a range of organic solvents and has been used successfully to remove 
halide ions in several literature reactions. so 
Thus, TMSCI was added to the a-methoxyurethane (99) and the reaction monitored by thin 
layer chromatography. When all the a-methoxyurethane precursor had disappeared, silver 
tetrafluoroborate was then added. it was found however that no cyclised product forms, regardless of 
the amount of the silver satt added. The experiment was performed without success in DCM and then 
repeated in acetonitrile; -the silver salt being more soluble in the latter. 
The addition of TMSCJ to a solution of the a-methoxyurethane in acetonitrile in the presence 
of the silver tetrafluoroborate was also tried. This also proved unsuccessful. 
Although these results were disappointing, problems had been anticipated in using silver 
satts. Silver ions can form quite stable complexes with "-electron donors and lone-pair donors. so it is 
thus qutte possible that the silver may have formed complexes with either the benzene rings or the 
urethane group in the reaction mixture, thus preventing it working as required. 
The use of a Friedei-Crafts reagents was next tried. The FriedeJ-Crafts reagen~ which was 
readily available was TiCI4• Thus, TMSCJ was added to a solution of the a-methoxyurethane (99) in 
DCM. The reaction was followed by thin-layer chromatography. When all of (99) had been consumed, 
TiCJ4 was then added. The cyclised product was isolated in 71% yield (Scheme 71). 
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TMSCI 
'An intermediate' 
(99) 
cx;y. 
Ph O 
71% 
(113) 
Scheme 71 
This result strongly supports our 'counter-ion theory' for these reactions. 
3.02 The role of the protic acid produced in the cvclisation reactions 
In the Pictet-Spengler reaction, the cyclisation step involves the release of protons (Scheme 
72). Therefore, even though our methodology does not use strongly protic media as is the case wtth 
the 'classical' reaction, a small but gradual build-up of protic acid will occur. With TMSCI and TiCI4, 
essentially HCI is produced and with TMSOTf, triflic acid. 
+ 
Scheme72 
The initial question asked, was whether the protic acid being produced, was contributing to the 
cyclisation of the precursor (Scheme 73). 
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Cyclisation 
Scheme73 
To try to answer this, a number of experiments were performed on the two N-(a-methoxy-a-
-phenylmethyO-N-methoxycarbonylamides (97) and (99), using firstly a solution of HCI dissolved in 
DCM and secondly triflic acid. The protic acids (1 .2 molar equivalents) were added to the 
a-methoxyurethanes (1 molar equivalent) at ooc and the mixture stirred for approximately 24h. The 
results obtained are shown in Table 12 
.. , 
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Table 12 
R'Y"{'N-lMe 
R2~ea-\ o 
Ph 
HX 
~ Precursor 
1 MeOD.~=>-lMe MeO ,._ Mea--( 0 
Ph 
(97) 
2 I 
(97) 
3 
QJN-/Me 
o--(0 Me 
Ph 
(99) 
4 I 
(99) 
R' 
OMe 
Yield of Cl£Ciised 
Reagent material 
/% 
HCI/DCM 77 
TfOH 91 
HCI/DCM 0 
TfOH 25 
lt can be seen that if the precursor is activated for cyclisation as (97) is, cyclisation takes 
place in good yields with both the protic acids. However, when the precursor is not activated as in 
(99), cyclisation does not take place ((99) with HCVDCM) or is poor ((99) with triflic acid); -the 
decomposition products, the secondary urethane (105) and-benzaldehyde can be isolated in each 
case. 
An interesting point to note is the superior results of the triflic acid reactions over the 
hydrogen chloride reactions. This could be put down to the same 'counter-ion' effect, which was 
suggested for the superiority of TMSOTf over TMSCI (Section 2.2). 
Comparing the results here and those for the cyclisation with the Lewis acids (Section 2.2), it 
seems that if the precursor is suitably activated, either Lewis acids or protic acids can initiate 
cyclisation. Thus in our cyclisation reactions using Lewis acids, it is likely that the protic acid 
produced will also initiate cyclisation. However, one must note that, the main cyclising agent will still 
be the Lewis acid, since this will be present in the reaction mixture from the beginning. In contrast, 
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the amount of protic acid produced will always be directly proportional to the amount of cyclised 
material produced. 
With unactivated precursors, the protic acids are not as effective as the Lewis acids (Section 
2.2). Thus when using Lewis acids with unactivated cyclisation precursors, the Lewis acid itself and 
not the protic acids, produced during cyclisation, is the predominating cyclising reagent. 
The next question that was asked was whether in certain cases, the presence of protic acid 
could be detrimental. This was queried with respect to the unactivated N-(a-methoxy-a-alkylmethyi)-
N-methoxycarbonylamide precursors such as (100) and (101), whose cyclisation had proved 
problematic (Section 2.2). 
(100) (101) 
Attempted cyclisations of (100) and (101) with TMSOTf failed. An explanation based on the 'counter-
ion' theory was offered (Section 2.2.1). However other plausible explanations exist; -could triflic acid 
in the reaction be destroying the reaction intermediates? Or could it be that the cyclisation had taken 
place but that triflic acid in the reaction mixture was destroying the products? TMSOTf is a highly 
moisture sensitive reagent, decomposing easily to give triflic acid;81 -hence not only could there be 
triflic acid present as a by-product of cyclisation but there could be some present at the start of the 
reaction. 
lt was found that activated N-(a-methoxy-a-alkylmethyi)-N-methoxycarbonylamide precursor 
(98) readily underwent cyclisation with TMSOTf in 72% yield (Section 2.2.1). 
I N-{. MeOUJ .OMe 
MeO '%. Me~o 
(98) 
This suggest that the alkyl moieties at the C-1 position in the products are stable in the presence of 
any triflic acid at the end of the reaction. Thus, if there is a problem with triflic acid in the reactions of 
the unactivated N-(a-methoxy-a-alkylmethyi)-N-methoxycarbonylamide precursors, it is probably 
occurring during the attempted cyclisation process. One method of investigating is to add a reagent 
which would dispose of any protic acid present and then observe the results. This led to the use of 
the reagent, bis-trimethylsilyl acetamide (BTMSA) (124). 
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,.fNSiMe3 
CH3 --...._ 
OSiMe, 
(124) 
BTMSA is well known silylating agent; but recently Heaney and Overman have successfully 
employed this reagent as a proton scavenger (Scheme 74).82 
HX 
/NH, 
CHa~ 
0 
+ Th1S-X 
Scheme 74: Reaction of BTMSA with protic acid HX 
In theory two equivalents of protons are taken by each equivalent of BTMSA. One of the products of 
this reaction is TMS-X, where X is originally the acid anion. This is therefore in itself a useful way of 
generating TMS- reagents. B1 ,73 
Workers have tended to use small equivalents of BTMSA in acid scavenger work. In our 
work, 1 equivalent of triflic acid is expected in cyclisations with TMSOTf for every equivalent of 
precursor used. Any triflic acid already present in the TMSOTf must also be accounted for. Hence, a 
relatively large amount of BTMSA is required; -over half an equivalent for every equivalent of 
precursor. There is evidence to suggest that large equivalents of BTMSA can be detrimental to 
some reactions, slowing them down or even stopping them altogether. 53 To assess whether this 
would have any bearing on our cyclisation reactions, a series of 'control' reactions were undertaken. 
The cyclisation of a-methoxyurethane (99), which cyclises wtth TMSOTf alone, was attempted in the 
presence of BTMSA. TMSOTf (1.2 equivalents) was added to a solution of the precursor (99) (1 
equivalent) in acetonitrile in the presence of various equivalents of BTMSA. The mixtures were 
stirred at room temperature for 24h. The results are recorded below in Table 13. 
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Table 13 CC) OMe TMSOTI 
N-( BTMSA 
MeO--< O 
CH,CN 
Ph 
(99) 
Ratio of materials 
Entry (99) TMSOTf 
1 1 1.2 
2 1 1.2 
3 1 1.2 
4 1 1.2 
BTMSA 
2.2 
1.2 
0.82 
0 
oc;y. 
Ph O 
(113) 
Reaction 
Time/h 
25 
23% 
24 
23 
Yield/% 
0 
95 
57 
89 
One can see that the use of BTMSA is not as straight-forward as it may first seem. lt seems 
that a very large equivalent of BTMSA hinders the reaction (Entry 1). Using a 1:1.2:1.2 ratio of 
precursor:TMSOTf: BTMSA, seems to gives the best results (Entry 2), comparable to the yield 
obtained without BTMSA (Entry 4). Using a small equivalent gives the product but in a lower yield 
(Entry 3). lt is to be stressed that this was not an extensive study but was designed to give an idea 
of the effect of BTMSA in these reactions; -for more solid conclusions more experimental data is 
needed. 
The cyclisation of the a-methoxyurethane (1 00) in the presence of BTMSA was 
nevertheless attempted. 
~-· 
(100) 
TMSOTf (1.2 equivalents) was added to a solution of (100) (1 equivalent) in acetonitrile in the 
presence of BTMSA (0.81 equivalents). The mixture was stirred, and the reaction was monitored by 
HPLC analysis. Even after 73h, no product could be detected. At face value, this suggested that 
protic acid does not interfere in these reactions; -the cyclisation fails in the absence of the latter. 
However, due to the uncertainty of the effect of the acid scavenger, BTMSA, in the reaction 
mixture, any interpretation of this result has to be looked upon with caution. 
The other proton scavenger that was tested was anhydrous sodium carbonate. One of the 
by-products of using this is water but anhydrous sodium carbonate is also a good drying agent. In 
theory if excess is used, the reaction should remain dry. 
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Exploratory experiments were conducted with the N-(a-methoxy-a-phenylmethyQ-N-
-methoxycarbonylamides precursors (97) and (99). The results are shown in Table 14. In each 
case, TMSOTf (0.25ml, 1.29mmol) was added to a solution of the precursor (1 m mol) in acetonitrile 
(Sml) in the presence of anhydrous sodium carbonate (1.5g, 14.2 m mol), and the mixture stirred for 
24h at room temperature. 
Table 14 
Entry Precursot Beage!Jl Yield of Cl£Cfised 
material f% 
1 MeO~N--lMe TMSOTf, 95 MeO '-. Mea-\ 0 N<l:1C03 
Ph 
(97) 
2 
CC~>-lMe o--(o Me TMSOTf, 0 
Ph N<l:1C03 
(99) 
lt can be seen that with (97), where the system is activated for cyclisation, cyclisation occurs 
without any problem. Again it can be concluded that for activated systems, the protic acid produced 
is not important in the cyclisation process. 
However with (99) cyclisation fails, atthough it is successful with TMSOTf without the 
anhydrous sodium carbonate (Section 2). This suggests one of two things; -protic acids are 
important for cyclisation of unactivated systems or that the sodium carbonate is in some way 
hindering the cyclisation of these systems. Again the results are not conclusive. 
2.3.3 The rate of reaction 
During the inttial development of the methodology, the rate of reaction of the cyclisation step 
was not important. In the early work, the reactions were often left for 72h. During later work, this 
time was shortened to 24h. The latter has become a standard, which was used to judge and 
compare experiments with. However, it is found if these reactions are followed, some are over within 
a matter of a few hours. 
The cyclisation reactions could be followed by thin-layer chromatography, using standard 
silica-gel aluminium-backed TLC plates. Another more accurate way was by use of HPLC. Using a 
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ODS Hypersil® column (length: 25cm; internal diameter: smm), it was possible to follow a number 
of cyclisations. 
We wished to see what the kinetic profiles of some of these reactions looked like. This may 
prove useful for later work. Therefore, two of these reactions were followed at low temperature 
(Scheme 75 and 76). lt was hoped that the low temperature would slow down the reactions to allow 
the profiles to be compared easily. 
(100) (117) 
Scheme75 
The cyclisation of (1 00) with titanium tetrachloride proved to be extremely rapid, even at -78°C. By 
%h, it was unclear whether starting material (100) was present. By 1 h, only the product (117) was 
seen. 
M<D~N-lMe 
M<D~ea-( 0 
Ph 
lMSO M<DY'rl M<D~yoMe 
Ph O 
(97) (112) 
Scheme76 
In stark contrast, the cyclisation of (97) with TMSCI at -40°C was significantly slower. The graph 
below shows the reaction profile. The percentages (relative to each other) of each of the three 
materials followed (as worked out by using the HPLC plotter integrations) were plotted against time 
In minutes. On quenching a sample of the reaction mixture to make an aliquot for HPLC analysis, 
any intermediate N-acyliminium or chloro-adduct species will hydrolyse, to give the corresponding 
secondary urethane. Therefore the amount of secondary urethane found at each time is 
representative of intermediate material present. 
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it can be seen that the starting material (97) disappears rapidly. By 11 minutes it represented only 
0.4% of the material analysed for. Product (112), initially forms rapidly (at 11 minutes, 60% of 
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material is product). The rate of formation then slows down. After 500 minutes (i.e. 6h 20m), the 
reaction mixture stays more or less constant, with 90% of the material analysed for, being product. 
These two studies show how rapid the cyclisation step can be even at low temperatures. 
They also highlight the difference between the two reagents, titanium tetrachloride and TMSCI. The 
former is by far the more potent reagent. 
We have tried to answer some of the questions that were asked in the initial development of 
this new methodology; -the question of mechanism, the 'counter-ion theory' and the effect of the 
protic acid produced. In addition, the rates of reaction were also explored. Many of the results are 
not conclusive but they point the way to understanding the cyclisation reactions. 
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Section 2.4 The Investigation of phosphorus-based Lewis acids 
Initially, the reagents of choice in our work on the Pictet-Spengler reaction were TMSCI, 
TMSOTf and TiCI4. These were readily available and much expertise has been accumulated in their 
use. it was decided to tu m our attention to other alternative reagents. 
Recently, we became interested in the compound pyrophosphoryl chloride (-sometimes 
called dichlorophosphoric anhydride) (P20 3CIJ (125). it was felt that this could be a useful reagent 
for the cyclisation reactions. 
11 I? 
Cl"'l'-if"\''CI 
Cl Cl 
(125) 
The use of this reagent and the use of the more common phosphorus-based reagents, 
phosphoryl chloride (POCia) and phosphoryl bromide (POBra) were thus investigated. 
2,4.1 The synthesis of pyrophosphoryl chloride and its uses 
Pyrophosphoryl chloride (125) is a colourless and odourless oily liquid with a melting point of 
-16.5'C and a decomposition boiling point of 215'C.B4 
There have been a number of methods of preparing pyrophosyhoryl chloride. it was first 
prepared by Geuther and Michaelis in 1871 in a 11% yield by the reaction of dinitrogen tetroxide and 
phosphorus trichloride. 85 The most useful method was that of Crofts, Downie and Heslop. This 
involved passing chlorine through a boiling suspension of 'phosphorus pentoxide' (P 401o) and 
phosphorus trichloride diluted with carbon tetrachloride or phosphoryl chloride (Scheme T1) ;86 -a 
method which was far from pleasant. 84 
+ C12 
Diluen1 
2 P 203CI4 + 4 POC13 
Diluen1 (125) 
Yields:- 58 - 69% 
Scheme77 
Recently however, a new synthesis of this compound has been developed by Heaney and his 
co-workers.87 Methanol is added to phosphoryl chloride, and the mixture heated under reflux tor 21 
days (Scheme 78). Pyrophosphoryl chloride is obtained by fractional distillation (bp 56 - 60'C at 
0.1mmHg). 
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MeOH + poa3 Rapid 
0 
11 p 
MeO/i'a 
Cl 
(126) 
Scheme78 
+ Ha 
The yield of the product is typically in the region of 30 - 35%, but this is compensated by the fact that 
the reaction can be performed on large quantities of starting materials, giving large quantities of 
product. A large amount of the unreacted intermediate, methyl phosphorodichloridate (126) can be 
isolated from the reaction mixture and converted into more product by adding phosphoryl chloride. 
Compared to the old methods, this new approach has proved to be very simple and much more safe. 
Pyrophosphoryl chloride has not found popularity in the past as a reagent. This is probably 
because, there has not been a convenient preparation of this compound until recently. 
The chemistry of pyrophosphoryl chloride has been reported to be similar to that of 
phosphoryl chloride.84 One major use of this compound in recent years has been as a reagent in 
acylations. Work in this area has been carried out by the groups of Effenberger and Heaney. 
Effenberger made carboxylic dihalophosphoric anhydrides (127) from various carboxylic 
acids and acid anhydrides with pyrophosphoryl chloride or pyrophosphoryl fluoride. With these he 
was able to acylate various aromatic compounds in good yields (Scheme 79).88 This technology 
provides an alternative to the traditional Friedei-Crafls acylation procedures and avoids the need for 
any Friedei-Crafls type reagents. 
0 
or + 
0 0 
11 11 
~P...._ /P-...X ~ 0 'x 
R___.(/ 0 
" 11 0-P-X 
* 
(125) (127) 
0 
ArH rAAr HOPOX., 
where X= a or F 
Scheme79 
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Heaney developed pyrophosphoryl chloride as an alternative to phosphoryl chloride in 
Vilsmeier formylation reactions (Scheme 80). Reaction of pyrophosphoryl chloride with a N,N-
disubstituted formamide (128) (N-methylformanilide and N,N-dimethylformamide were used) gives a 
cationic intermediate, -a mixed amide-phosphorodichloridate cationic anhydride (129). This acts as 
the formylating agent. As with tradttional Vilsmeier formylation reactions, the aromatic substrate must 
be suitably nucleophilic. 87,89 
R1 0 
'-N_.z 
R"/ H 
(128) 
+ 
! 
R\N==<OPOa2 
R"/ H 
(129) 
The formyla1ing 
reagent. 
Scheme80 
+ 
(rz CHO I 
~ 
it was found that the use of pyrophosphoryl chloride gave superior results compared to the traditional 
use of phosphoryl chloride. With the former, good yields with less nucleophilc aromatic species such 
as anisole can be obtained. This was adjudged to be due to a counter-ion effect. Heaney suggests 
that in the case of pyrophosphoryl chloride, the formylating reagent can only be (129) as the counter-
ion present is the phosphorodichlorodiate anion (130) (Scheme 80). However in the case of 
phosphoryl chloride, (129) is probably formed but as the counter-ion present is a chloride anion, it is 
probably in equilibrium with the lower energy N,N-disubstituted chloromethyleneiminium cation (131) 
(Scheme 81). 
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R\+ OPOCI2 /N=< a-
R" H 
POCI3 .. 
(128) (129) (131) 
Scheme 81 
(131) is a less electrophilic species than (129), and hence the superiority of pyrophosphoryl chloride 
over phosphoryl chloride .. 
Pyrophosphoryl chloride is an interesting and synthetically useful reagent. Its abilities as an 
electrophile attracted our attention. The phosphorodichloridate ion (130) is a relatively stable anion 
and thus a good leaving group and poor nucleophile; -characteristics that, according to our earlier 
studies, could be of great use in our pursuit of reagents for our Pictet-Spengler synthesis. 
2.4.2 Phosphorus-base reagents in the Pictet-Spengler synthesis 
Pyrophosphoryl chloride (P20 3CI4), phosphoryl chloride (POCla) and phosphoryl bromide 
(POBra) were investigated as cyclisation reagents with a number of a-methoxyurethane precursors. 
The results are summarised in Table 15 (page 72). Typically, the cyclisation reagent 
(1.2mmol) was added at ooc to the a-methoxyurethane precursor (1 m mol), dissolved in a suitable 
solvent. The mixture was then stirred under nitrogen at room temperature for 24h. The exceptions to 
this were the reactions of the N-(a-methoxy-a-alkylmethyi)-N-methoxycarbonylamide (98) and (100) 
(Entries 8 and 9), which were stirred for 15 and 13h respectively. 
A number of conclusions can be drawn from Table 15. Firstly, it can be seen that with 
suitably activated aromatic ring systems, all three reagents were effective, giving the cyclisation 
product in excellent yields (Entries 1, 2 and 3). 
In the cases of precursors with unactivated aromatic ring systems, reactions with POCI3 and 
POBr3 failed (Entries 4, 5 and 6). In comparison, pyrophosphoryl chloride cyclised the unactivated 
N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamide (99) (Entry 7) but not the unactivated N-{a-
methoxy-a-alkylmethyi)-N-methoxycarbonylamide (100) (Entry 9). 
These results can be explained according to the arguments presented for the TMS- and TiCI4 
reagents (Section 2.2). Based on these, it is reasonable to postulate that the reaction of the 
precursors with our phosphorus-based reagents follows the scheme shown below (Scheme 82, page 
73). lt can be postulated that there exists an equilibrium between the N-acyliminium species (75) and 
the anion adduct (132). 
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Table 15 
~ precursor Beage!Jl erodu!<l ~ 
/% 
MeOU)N-lMe 
M eO , 
1 POCI3 I 98 
MeO '- Mea--< O inDCM M eO '-
OMe 
Ph Ph 0 
(97) (112) 
2 I ,. POBr3 I 100 
(97) inDCM (112) 
3 I P20 3CI4 I 100 
(97) inDCM (112) 
4 aJN~OMe POCI3 0? MeO--< O inDCM 0 NYOMe Ph Ph O 
(99) (113) 
5 i POCI3 I 0 
(99) inCH3CN (113) 
6 I POBr3 I 0 
(99) inDCM (113) 
7 I P20 3CI4 I 74 
(99) inDCM (113) 
MeOUj OMe M eO , 
8 I N~ P20 3CI4 I 85 
MeO '- MeOl- 0 inDCM M eO '- NYOMe 
0 
(98) (116) 
9 o~=>~OMe P20 3CI4 GXYM· 0 MeOi-- O inDCM 
(117) 
(100) 
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Wherefor (a) POa3' X= Cl' X:= a 
(b) P0Br3 , X= Br, X:= Br 
/ 
t 11 9 
X =Cl, X = a•'''.p' 
' 0 Cl 
Scheme 82 
(75) 
Systems such as (97) (Table 15), with suitably activated aromatic rings, the electrophilicity of 
the aromatic ring is such that cyclisation is forced, regardless of other factors. lt does not matter 
which of the phosphorus-based reagents is used. 
With systems with unactivated aromatic rings, the situation is different. Cyclisation is 
assumed to proceed through the N-acyliminium ion (75) and not via the anion adduct (132). The 
equilibrium between these two species therefore becomes decisive. The better the counter-ion x" as 
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a leaving group, the more the equilibrium will lie towards the former and the better the cyclisation will 
be. Chloride and bromide are poorer leaving groups than the phosphorodichloridate ion, and one 
would thus expect the reaction to go better with pyrophosphoryl chloride than with either POCfa or 
POBr3. This would explain why cyclisation of the unactivated N-(a-methoxy-a-phenylmethyQ-N-
methoxycarbonylamide (99) (Table 15) only occurredwnh pyrophosphoryl chloride. 
The failure of pyrophosphoryl chloride with the unactivated N-(a-methoxy-a-alkylmethyi)-N-
-methoxycarbonylamide (100) can be attributed to the instability of the intermediate N-acyliminium ion 
that is formed. With the N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamide (99), the N-
acyliminium ion formed can be stabilised by delocalisation of the charge through the adjacent phenyl 
group. With (100), there is no such stabilisation (Scheme 83). 
From a- methoxyurethane (99) 
Minor species 
From a - methoxyurethane (100) 
Major species 
Scheme 83 
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t 
Major Species 
The phenyl group helps 
stabilise the cations formed. 
Minor species 
No additional stabllisation 
Hence it is possible that with (99), the N-acyliminium ion predominates, whilst with (100) the anion 
adduct predominates. Therefore (99) cyclises with pyrophosphoryl chloride and (100) does not. 
lt can be seen that phosphorus-based reagents provide useful alternatives as reagents for 
the cyclisation ofthe a-methoxyurethane precursors. 
Phosphoryl chloride and phosphoryl bromide are only effective with precursors with activated 
aromatic ring systems. Pyrophosphoryl chloride, a reagent which will no doubt become more popular, 
will cyclise unactivated N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamides. None of the 
reagents cyclise the una~ivated N-(a-methoxy-a-alkylmethyi)-N-methoxycarbonylamides. 
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Section 2.5 
The effect of substjtuents attached to the aromatic rings of the N-Ca-methoxy-a-phenyl-
·methyll-N-methoxycarbonylamides 
In the course of our investigations into the modification of the Pictet-Spengler reaction, the 
cyclisation of N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamides have been studied. Due to 
the availability of the starting materials, we have concentrated on the precursors derived from 
homoveratrylamine (97) and ~-phenylethylamine (99). 
MeO=U)A>' . . OMe 
V 'N--{ 
I --c_'o ·~ ·~ o-# 
(97) (99) 
For simplicity, the two aromatic rings can be distinguish by denoting them arbitrarily as the primary 
ring and the secondary ring: 
2 3C[)1 OMe 
Primary aromatic ling I N--.{ 
4 """-- 6 0 
5 MeO 1_'_ 6' 
Secondary aromatic ling 
3' 4' 
On surveying previous work on the Pictet-Spengler reaction, one finds that when substttuents 
are attached to primary ring, there is almost invariably a substituent -a hydroxy or alkoxy group- at 
the 3-position. This activates the primary ring for cyclisation at the 6-position. Many cyclisation 
precursors in the past also have substituents at the 4-position, but to our knowledge, no one has 
considered the role of the latter. No one seems to have considered the implications of just having a 
substituent at the 4-position. Given our desire to fully develop our methodology, we felt it would be 
interesting to look at this aspect. 
Given the suggestions on the role it plays (Section 2.2 and 2.4) in our cyclisation reactions, 
we were also interested in looking at the secondary aromatic ring. In particular, we were curious to 
see how a substituent at the 4'-position would influence matters. 
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2.5.1 The effect of methoxy groups attached to the prjmarvand secondarv rings 
it was proposed to investigate the cyclisation of N·(a-methoxy-a-phenylmethyi)-N-methoxy-
·carbonylamides with methoxy groups 
i) at the 4-position in the primary ring, 
iQ at the 4'-position in the secondary ring, 
iiQ at both 4-position in the primary ring and the 4'-position in the secondary ring. 
The three a-methoxyurethane precursors (133), (134) and (135) were therefore prepared. 
(133) (134) OM a (135) OMe 
The route used was via the corresponding imines, utilising the classical approach of Bohme and 
Hartke (Section 2. 1).6B These syntheses were accomplished without problems and are summarised 
in Scheme 84. 
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OMe 
(138) 86% 
(137) 97% 
(Q Me0200 
~ OQ Et,N' MeOH 
(') Meo2ca 
I MeOH ~QQ Et3N, 
~:-­
.Jv.l:) 
(133) 66",{, 
"'-.. r""Y', __ {' 
eOAJMeO_) M -
(139) 93% 
Scheme84 
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OMe 
(135) 73% 
(Q Me02ca 
MeOH ~(ii) Et3 N, 
~~· 
VMeO_) 
(134) 49% OMe 
The cyclisation of precursors (133), (134) and (135) were attempted under various conditions. The 
resuHs are summarised in Tables 16. In each case, when the required product was not obtained, the 
decomposition products i.e. the corresponding secondary urethanes and the corresponding 
benzaldehydes were isolated. 
For comparative purposes, some of the more important results for the cyclisation of (97) and 
(99) are also gathered together in Tables 16. Some of these have already been discussed in 
previous chapters in relation to other aspects of the work. 
Kev to Table 16 
... 
(97) R'=MeO, R2=Me0, R3=H 
(99) R1 =H, R•=H, R3=H 
(133) R1= H, R2= MeO, R3= H 
(134) R'= H, R•= H, R3= Mea 
(135) R' = H , R2 = Mea , R3 = Mea 
Reagent 
Solvent 
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R' 
(112) R'= Mea, R2= Mea, R'= H 
(113) R' = H, R2 = H, R3 = H 
(140) R1 = H, R2 = Mea, R3 = H 
(141) R' = H, R2 = H, R3 = MeO 
(142) R' = H , R2 = Mea , R3 = MeO 
--------------------------------------~====== 
Table 16 
Beactio!) Beactio!) Yieldol 
E!lm£ erecurso[ Beage!Jl Solve!!l IemJ:!erature Iime£b Cl£Cijsj!!J 
J:!roduSl 
/% 
1 (97) TMSCI CH3CN RI 27 70 
2 (97) TMSOTf CH3CN AT 24 93 
3 (97) POCI3 DCM AT 26 98 
4 (97) PPsCI4 DCM AT 20 100 
5 (97) TiCI4 DCM AT 22% 98 
6 (97) AIB~3 DCM AT 24 79 
7 (99) TMSCI CH3CN AT 25 0 
8 (99) TMSOTf CH3CN AT 23 89 
9 (99) POCI3 DCM AT 24 0 
10 (99) PPsCI4 DCM AT 24 74 
11 (99) TiCI4 DCM AT 24 73 
12 (133) TMSCI CH3CN AT 23V• 0 
13 (133) TMSOTf CH3CN AT 24% 24 
14 (133) POCI3 DCM AT 24% 0 
15 (133) P20 3CI4 DCM AT 24 11 
16 (133) TiCI4 DCM AT 24% 71 
17 (133) A1Br3 DCM AT 27 5 
18 (134) TMSOTf CH3CN AT 25 32 
19 (134) P20 3CI4 DCM AT 25 0 
20 (134) P20 3CI4 CICH2CH2CI Reflux (832C) 4 70 
21 (134) TiCI4 DCM RT 24% 0 
22 (134) TiCI4 CICH2CH2CI Reflux (832C) 4 76 
23 (135) TMSCI CH3CN AT 24 0 
24 (135) TMSOTf CH3CN RT 241h 14 
25 (135) POCI3 DCM AT 24% 0 
26 (135) P20 3CI4 DCM AT 23V• 0 
27 (135) TiCI4 DCM RT 24 73 
28 (135) A1Br3 DCM AT 24 0 
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Jhe cyclisation of (133\ 
(133) 
Comparing the cyclisation reactions of (133) to that of (97) and (99) (Tables 16), the 
cyclisation reactions are in general poorer. The effect of just having a methoxy group at the 4-
position, in the primary ring, seems to make the system less susceptible to the cyclisation reaction 
than in some cases with (99), an unactivated primary ring system with no methoxy groups. This is 
surprising. Why this is so is not clear. However, one explanation that can be put forward involves the 
effect of complexation of the Lewis acid with the methoxy groups on the primary aromatic ring. 
Rapoport studied the effect of using > 1 molar equivalent of a Friedei-Crafts catalyst (AIBr s) in 
Friedei-Crafts acylation reactions on aromatic system containing alkoxy groups.90 He found that the 
presence of alkoxy groups rendered the aromatic system less reactive; -for example in a competition 
reaction between veratrole (143) (1 molar equivalent) and benzene (1 molar equivalent) with acetyl 
chloride (2 molar equivalents) and AIBr3 (4 equivalents), only acetophenone was found after 1 h 
(Scheme 85). 
0 
M eO X) 0 CH3COO (2 equivalents) if + unreacted (143) + AIBr3 (4 equi\alents) MeO # 1h 
(143) 
1 molar 1 molar 
equivalent equi\alent 
Scheme 85 
This Rapoport suggests that this is because there is complexation between the oxygen lone pairs 
with the Lewis acid, which results a ~otal reversal' of the electron-donating ability of the alkoxy 
groups. In our reactions a similar phenomenon could be occurring. In the case of (133), complexation 
of the primary aromatic ring's methoxy group to the Lewis acid present, could be reducing the 
electron density in that ring causing the poor cyclisation results. However in the case of the 3,4-
dimethoxyphenyl- precursor (97), two competing processes may be occurring; -firstly the activation of 
the 6-position of the primary ring for cyclisation by the 3-methoxy group, and secondly deactivation of 
the primary ring by complexation of the primary ring methoxy groups with the Lewis acid (Scheme 
81 
86). The resutts for (97) show that cyclisation occurs readily, indicating that the activating effect 
dominates. 
Two comoeting processes in precursor l9D 
Acti\Eltion of the 6-position for 
nucleophilic attack. 
M"?.)Yi 
Lewis acid-.:::: I 
.. ~. 
M eO 
Complexation of the Lewis acid 
and the oxygen lone pairs - deacti\EIIing. 
Scheme86 
There has been much work done on the syntheses of tetrahydro-fl-carbolines (147) via 
Pictet-Spengler type reactions from tryptamine derivatives (144). lt was postulated that this would 
involve two possible pathways (Scheme 87).91 
Q)N~ 
~ 
H 
(144) 
Route 1 Route 2 
(145) (146) 
/ 
Q;QNH 
A R 
(147) 
Scheme87 
82 
Route 2 involves attack at the indole ring 3-position to form a spire-intermediate (146), followed by a 
Wagner-Meerwein type rearrangement. Examples of such nucleophilic additions to indoles in general 
have been known for some time;92 and by isotopic labelling techniques, it was indeed proved that a 
spire-intermediate was in some way involved in this particular case.93 
We had asked whether it was possible that a spire-intermediate was a species that could be 
generally involved in the Pictet-Spengler reaction, not just when indolic systems were used. it was 
argued that if this is so, then the Pictet-Spengler cyclisation of compound (133) may well proceed by 
such a mechanism (Scheme 88). 
(133) 
M eO 
l.awis acid 
-MeO-
(148) 
Scheme 88 
M eO 
(140) 
As the primary ring is activated by the methoxy group for electrophilic addition at the 1-position, this 
would in theory encourage the formation of the spire-intermediate (148). Hence if this pathway was 
followed, it would be expected that the resutts for the cyclisation of (133) should be on par with those 
obtained for the unactivated primary ring precursor (99), if not with those for 3,4-dimethoxy-activated 
primary ring precursor {97). However, the results were substantially poorer, which therefore suggests 
that the major pathway of the Pictet-Spengler cyclisations for the formation of 1,2,3,4-
tetrahydroisoquinolines does not involve such spiro-intermediates. 
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One result for the cyclisation of (133) does stand out. This is the cyclisation with TiC14 which 
gave a 71% yield of the cyclised material (140). it has already been suggested that TiCI4, not only 
can acts to generate the N-acyliminium ion but can also act· as a Friedei-Crafts type reagent and 
prevent ; possible 'counter-ion effects' (Section 2.2). it is possible that it is this which is responsible 
for the high yield. 
it is worth noting that A1Br3 is also a Friedei-Crafts reagent. One may expect it to be 
comparable to TiC14 but it gave a poor yield (5%} with (133). This may simply be due to the reagent 
being too vigorous. 
The cyclisation of £1341 
(134) OMe 
A comparison of the cyclisation reactions of (134) to those of (97) and (99) (Tables 16), 
shows that the reactions with (134) were poorer. TMSOTf gave a poor yield, whilst pyrophosptfryl 
~ 
chloride and titanium tetrachloride only worked on healing. 
The reagents, TMSCI and phosphoryl chloride were not tried. (134) possesses an 
unactivated primary ring system and as results for precursor (99) (Table 16) indicated, with such a 
primary ring system these reagents are unlikely to work. 
it is clear that a methoxy group in the 4'-position in the secondary ring obstructs the 
cyclisation reaction. Again, it is not certain why this should be, but one could speculate that this may 
be due to the N-acyliminium ion being too stable. The methoxy group in the secondary ring will not 
only help to form this intermediate but will also help to stabilise it via delocalisation (Scheme 89). 
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~N-lMe 
V. .. J 0 Meu-1 
Reagent._/ 
\. 
(134) 
OMe 
OMe 
+ 
0 
OMe 
OMe 
OMe 
• • 
Scheme89 
OMe 
OMe 
OMe 
(141) 
This may result in the lowering of the energy of the N-acyliminium ion to such an extent that the 
energy barrier to cyclisation can only be efficiently surmounted on heating, to give a good yield of the 
cyclised material (141). 
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The cyclisation of 1135\ 
~N-lMe 
MeOJV,,,J O Me 
(135) OMe 
Judging by the results obtained in the reactions of (133) and (134), one would perhaps 
expect (135) to be extremely poor as a precursor. As can be seen in Table 16, this is the case in 
general. This may be attributed. to a combination of the factors discussed for (133) and (134). 
There is again however, one result that stands out; -the cyclisation of (135) with TiCI4 at 
room temperature, which gave a yield of 73% (Table 16). At room temperature, with (133), the yield 
with nc14 was 71% whilst with (134), the reaction fails. Again, there is uncertainty to what was 
happening. One suspects that the factors which gave a high yield with precursor (133) are the 
overriding the factors which gave no yield with (134). 
2.5.2 The effect of a nitro- group attached to the secondarv ring 
The poor results for the cyclisation of (134) could be attributed to stabilisation of the N-
acyliminium ion formed by the secondary aromatic ring. it was assumed that the methoxy group at 
the 4-position contributed to this stabilisation (Scheme 89). If this idea is correct, reducing the 
stabilising influence of the secondary ring should enhance cyclisation. One way this could possibly be 
done is by placing an electron-withdrawing substituent on the secondary ring. This would lower the 
electron density in the latter and thus reduce the delocalisation of the positive charge on the 
N-acyliminium ion; -the exact opposite to the proposed effect of the 4'-methoxy group in (134). This 
idea was investigated. One electron-withdrawing group that could be used was the nitre. The 
a-methoxyurethane (151) was therefore prepared from p-phenylethylamine (90) and 
o-nitrobenzaldehyde (149) (Scheme 90). 
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0!~ fr:o - (149) 
(90) 
(150) 95% 
(i) Me0200 
(iQ Et3N , MeOH 
(151) 68% 
Scheme90 
Several cyclisation reactions were then attempted with (151). The resutts are summarised in Table 
17. 
Table 17 
Reagent 
(151) (152) 
Entrv Reage!Jl Solve m Tem[!erature !ime ill Yield of (152) 
/% 
1 TMSCI CH3CN RT 24 0 
2 TMSOTf CH3CN RT 24% 54 
3 POCI3 DCM RT 25 0 
4 P20 3CI4 DCM RT 24V2 6 
5 TiCI4 DCM RT 24% BB 
. 
As expected for a system with no appropriate activation of the primary ring, TMSCI and 
phosphoryl chloride both failed. 
A poor result was obtained when pyrophosphoryl chloride was used. This was strange, given 
that TiCI
4 
and TMSOTf both work well. There is a suspicion that the nitro substituent is interfering 
with the phosphorus reagent. 
B7 
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It can be seen from Table 17 that in general, the results obtained were better than those 
reported for the a-methoxyurethane precursor (134) in Table 16. This supports the proposed theory; 
-that with (134), the additional stabilisation of the N-acyliminium ion by the 4~methoxy substituent is 
detrimental to cyclisation, whilst the destabilisation offered by the 2'-nitro substituent in (151) has a 
more beneficial effect. 
Comparing the results obtained for (151) with those obtained for the a-methoxyurethane 
precursor (99) (Table 16), where the secondary ring contains no substituents, it is found that the 
results with TiCI
4 
were comparable but the results for TMSOTf were not. The cyclisation of (151) with 
TMSOTf was poorer (54% yield compared to 89%). An explanation for this may lie with the 'counter-
ion' theory (see Section 2.2). The N-acyliminium ion (154) derived from (151) will be less stable than 
that (153) derived from (99) (Scheme 91). The former will therefore be the more reactive species and 
therefore more prone to forming the anion-adduct (156) with the triflate ion from TMSOTf. This 
adduct will also be more stable than that of (155) formed from (153) (Scheme 91). In theory, the 
more stable the anion-adduct is, the less likely cyclisation will be. 
(153) (154) 
(15~) is less stable and more reacti-.e than (15>) 
(15S) (1%) 
(156) is more stable than (15SJ 
Scheme 91 
This would suggest that in general for cyclisations of a-methoxyurethanes, there is a delicate 
electronic balance. If the N-acyliminium ion is too stable, the cyclisation suffers. If the N-acyliminium 
ion is too reactive, it may be prone to side-reactions such as addition to the counter-ions of the Lewis 
acid used, -the cyclisation again suffers. 
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2.5.3 Section Summarv 
The results show that a methoxy group at the 4-position in the primary ring and at the 4'-
position in the secondary ring, are detrimental to the cyclisation reaction. 
Complexation of the Lewis acid used with the methoxy group attached to the primary ring, 
may have the effect of lowering the electron density in this ring, resuning in the poor results for the 
N-methoxycarbonyi-N-(a-methoxy-a-phenylmethyl)-2-(4-methoxyphenyl)ethylamine precursor (133). 
In the case of the N-methoxycarbonyi-N-(a-methoxy-a·phenylmethyl)-2-(3.4-dimethoxyphenyO-
-ethylamine precursor (97), deactivation of this type is probably overridden by the activation effect of 
the 3-methoxy group. 
The possibility of the Pictet-Spengler reaction in general following a major pathway via a 
spiro-intermediate, similar to that suggested for indolic compounds is doubtful. 
A nitro group in the secondary ring gives better results than when a 4 ~methoxy group is 
present but not as good as when no substituents are attached. This suggests some destabilisation of 
the intermediate N-acyliminium ion is beneficial but too much is detrimental to the cyclisation reaction. 
This series of results also emphasises the fact that TiCI4 in some way works in a different 
manner than the other reagents used, giving some results which were not expected. 
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Section 2.6 
The svnthesis of 1.2.3.4-tetrahydrojsoauinoline-1-carboxylic acids 
One of the aims of the work was to synthesise 1,2,3,4-tetrahydroisoquinoline-1-carboxylic 
acids (15). 
lt was proposed that a protected form of our required novel a-amino acids (157} could be 
made as shown (Scheme 92), utilising the methodology that has been developed by us. 
~~ 
CO#•o 
(157) 
Lewis acid 
> 
'Az.a- anion' approach 
> 
Scheme92 
(158) 
(159) 
The required products (157) could be made from the a-methoxyurethane precursors (158). 
The major problem would be the synthesis of these precursors (158). lt was hoped that a variation on 
'aza-anion' chemistry (Section 2.1), could be used to synthesise these from secondary urethanes 
(159). 
6.1 The synthesis of the a-methoxyurethane precursors 
lt was proposed to prepare two precursors, (160) and (161), from homoveratrylamine (89) 
and ~-phenylethylamine (90) (Scheme 93). 
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~N-lMe 
jVMeo--( 0 
CO,Me 
(160) R = OMe 
(161) R = H 
Scheme93 
R~ R~ ~H, 
(89) R = OMe 
(90) R= H 
The syntheses could be carried out by the route below (Scheme 94). 
R:(()· , OMe 
I /~ 
R '- MaO~ 0 
C02Me 
n.SuU 
======~ 
)-< 
MeO (163) OMe 
XY:lvM· 
0 
(104) R=OMe 
(105) R = H 
(160) R = OMe 
(161) R= H 
'Aza - anion' approach 
Me02CCI 
=~ 
Na,co3 
X= halogen 
(89} R = OMe 
(90) R= H 
Scheme94 
The syntheses of the secondary urethanes (104) and (105) from homoveratrylamine and 
~-phenylethylamine are straight-forward and have already been accomplished in 91% and 76% yields 
respectively (Section 2.1). To insert an ester grouping, it was proposed to react a methyl 
-halomethoxyacetate (163) to the anion generated wtth n-BuLi from these secondary urethanes. 
Methyl halomethoxyacetates (163) can be synthesised from methyl dimethoxyacetate (164) 
(Scheme 95). 
>----< MaO OMe ~ 
MaO>----< 
MeO OMe 
(163) (164) 
X= halogen 
Scheme 95 
Methyl dimethoxyacetate is a versatile reagent. lt can be readily prepared from dichloroacetic acid (by 
the method of Earle and Heaney, which is based on the work of Gross),94 and is also commercially 
available. 
The use of methyl chloromethoxyacetate (165) was investigated first. 
91 
aK 
MeO OMe 
(165) 
This was prepared by the reaction of methyl dimethoxyacetate (164} with PCI5, -methodology 
developed by Mylo (Scheme 96).95 
M eO>---< 
MeO OMe 
+ PCI5 Cl>--< + 
MeO OMe 
POC!3 + MeCI 
(164) (165) 
51% 
Scheme96 
Preparation of precursor (160) was attempted using methyl chloromethoxyacetate (165). The 
reaction with the anion of the secondary urethane (104) resulted in a mixture of the required material 
plus a large amount of the recovered secondary urethane (104}. This mixture proved very difficult to 
separate by the chromatographic and distillation methods available, and a yield of only 13% was 
obtained. lt was also clear from this result, any reaction developed, must give a high a yield of the 
precursor as possible in order to make purification easier. Because of this, it was decided to turn our 
attention to a related compound, methyl bromomethoxyacetate (166}. 
BrK 
MeO OMe 
(166) 
lt was believed that the superiority of bromide as a leaving group would make this a better reagent. 
The compound (166) can not be synthesised efficiently by substituting PBr5 for PCI5 in Mylo's 
method (Scheme 96). lt was found that the separation of the products of this reaction was extremely 
difficult.96 
An alternative brominating agent is triphenylphosphine dibromide (Ph3PBr2) (167). This has 
been used successfully to convert alcohols to alkyl and aryl bromides97 and to cleave ethers into the 
bromides. ss Using this reagent, Heaney and Fairhurst developed an alternative synthesis to (166) and 
it was their procedure which we adopted (Scheme 97).73 
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Ph,P Br2 
CH3CN Ph3PBr2 + 
(167) 
MeO o CH,CN Br)-<:.0 
Ph,PBr2 + MeO>-<OMe 
+ Ph,P=O + MeBr 
!; MeO OMe 
(167) (164) (166) 
59% 
Scheme97 
Triphenylphosphine dibromida. (167) was generated from triphenylphosphine and bromine in 
acetonitrile by the method of Schaefer and Higgins.97• Methyl dimethoxyacetate (164) was then 
added. Heating the reaction mixture under reflux gave the product in 59% yield. 
The preparations of the precursors {160) and (161) were achieved in good yields using (166) 
(Scheme 98). Purification still presented difficulties, but these were nevertheless surmounted since 
the crude reaction mixtures after work-up contained a higher percentage of the required precursors 
than before. 
(104) R= OMe 
(105) R = H 
(Q 
(iQ. OiQ 
Br"- uo 
on /""""<..,. 
MeO OMe 
. -7a•c 
(166) 
Scheme98 
~-\-(OMe 
~ }_o 
MeO CO,Me 
(160) R = OMe, 71% 
(161) R = H , 66"/o 
OiQ RT 
6.2 Cyclisation of the u-methoxyurethane precursors 
Having obtained the precursors (160) and (161), cyclisation was next investigated. Arbitrarily, 
TMSOTf was chosen as the cyclisation reagent. Both precursors cyclised smoothly, giving yields of 
68% and 96% respectively (Scheme 99). 
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(160) R= OMe 
(161) R = H 
.. 
1MSOTI 
Scheme99 
94 
xx;y. 
CO,Me 0 
(162) R = OMe, 48.% 
(163) R=H, 96>"% 
Sectjon 2.1 'One-pot cyc!isatjon reactions' using titanjum tetrachloride 
Mollov and his eo-workers have successfully synthesised 1 ,2,3,4-tetrahydroisoquinolines 
directly from imines, in a 'one-pot' reaction using AICI3 (Scheme 100) (see Chapter 1, Section 
1.2d).40,41 
R'OOCI , AICI3 , fo. 
(164) 
Scheme 100 
R'YY"l R2v (~YR' a 
Ff' 0 
(165) 
Typically, a solution of the acyl chloride (R4COCI) in 1 ,2-dichloroethane is added to the imine and 
stirred for 30m. Anhydrous AICI3 is then added and the mixture heated under reflux for 3h. lt is 
presumed that the AICI3 acts as a Friedei-Crafts reagent, removing the chloride anion from the 
intermediate species (165), thus helping the formation of the tetrahydroisoquinoline. 
During the course of our work, we have become interested in titanium-based Lewis acids. 
Would these act in the same manner as AIC13 in Mollov's reactions? AIC13 is not the most convenient 
of reagents to handle; -drying and keeping it anhydrous is particularly difficult. Therefore a 'one-pot' 
synthesis of tetrahydroisoquinolines from imines using titanium-based Lewis acids may have 
advantages. 
In the literature, there are many chiral Lewis acids which are based upon titanium. One of the 
objectives of our work was to try to investigate the possibility of new asymmetric Pictet-Spengler 
syntheses. The possibility of a 'one-pot' asymmetric synthesis would be a bonus. 
lt was decided to conduct a preliminary investigation into 'one-pot' cyclisation reactions using 
a titanium reagent. The simplest of these reagents -TiC14 -was chosen for our study. 
7.1 The use of titanium tetrachloride 
Using various combinations of TiCI4 and methyl chloroformate with imines available, at 
various conditions, 'one-pot' formations of the corresponding tetrahydroisoquinolines were attempted 
(Scheme 101). 
95 
OJ Meo2CCI 
(164) 
Scheme 101 
Generally, methyl chloroform ate was added to a solution of the imine at ooc and the mixture stirred at 
room temperature for usually 3-Sh. TiCI4 was then added at low temperatures (-78°C or -90°C) to 
avoid any possible exotherms. The temperature was then allowed to rise to that which was required. 
Table 18 summarises our results. When both methyl chloroformate and TiCI4 were used, the 
reaction time is given as the 1ime that the former was initially stirred with the imine + the time after 
the addnion of the TiCI4'. 
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Table 18 
Entrv Imine Conditions Yield of CJ!Ciise!:l 
(Solvent, temperature, product 
time) /% 
8,, !::!2 IiCI4 eresen! 
Ratio of imine : methyl chloroformate: TiCI4 is 1 : 1.3 : 0 (except for Entry 3, 
which is 1:2.1: 0) 
MeO~~Ph DCM, RT,25h 1 . I ... 54 
MeO ..,_ 
(91) 
2 I CICH2CH2CI, 83.SOC, 3h 65 
(91) 
3 -~ CH3CN, RT, 48h 0 MeO ..,_ 
(92) 
4 v~Ph I DCM, RT, 24h 0 
(93) 
B. Ratio of imine : methyl chloroformate ; TiCI1 1 ; 1.3 : 1.4 
5 
MeO~~Ph DCM, RT, 3h + 23h 65 
MeO ..,_ 
(91) 
6 ~~Ph DCM, RT, 4h + 24h 72 I 
(93) 
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Table 18 !continued) 
Entry Imine Conditions Yield of Cl£Ciised 
(Solvent, temperature, product 
time) /% 
c. Ratio of imine: melhl£1 chloroformate : nc11 1 : 1.3 : 2.3 
7 
MeO~~Ph DCM, RI, 3h + 23h 46 
MeO """-
(91) 
D. Ratio of imine : methJ£1 chloroformate : TICI1 1 : 1.9 : 2.3 
8 
MeO~~h DCM, RI, 3h + 32h 49 
MeO """-
(91) 
9 I CICH2CH2CI, RI, 5 + 20h 49 
(91) 
10 I DCM, RI, 20 + 118h -43 (slight impurities 
(91) present) 
11 v~Ph DCM, RI, 4 + 24h 30 
(93) 
This preliminary study in the use of TiCI4 in the 'one-pot synthesis of tetrahydroisoquinolines', 
has shown that it is indeed an useful alternative to AICI3. The yields obtained were comparable to 
those obtained by Mollov, Venkov and Lubanov. 40,41 The main significant difference was that in our 
work it was found that these reactions could be performed at room tern perature. 
Mollov and Venkov showed that if the imine (164) was suitably activated for cyclisation (i.e. 
when R1 is an alkoxy group) and the R3 group is a phenyl substituent, cyclisation would take place on 
heating without the need for a Lewis acid. 
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(164) 
Adding AICI3 to these reactions would merely raise the yields.40 In the work carried out by us, it was 
found that such systems would cyclise not only without the need for Lewis acids but also without the 
need for heating. This is demonstrated by the cyclisation of (91) (Table 18, Entry 1} without Lewis 
acids at room temperature; -heating the reaction mixture has the same effect as adding TiCI4, 
boosting the yield of the cyclised product from 54% to 65% (Entries 1, 2 and 5). !mines with 
unactivated ring systems, where R1 and R2 = H, do not cyclise at room temperature without a Lewis 
acid (Entry 4). 
Using TiC14, the best yields at room temperature, were obtained when a 1 :1.3:1.4 ratio of 
reactants (imine:methyl chloroformate: TiCI..) were used (Entries 5 and 6). Using a larger excess of 
TiCI4 has the effect of lowering the yield as the cyclisation of (91) showed (compare Entry 5 to Entry 
7). Increasing the ratio of methyl chloroform ate and TiC14 also lowered the yield of product (as Entries 
8 • 11 show compared to Entries 5 and 6). 
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Section 2.8 Jhe effect of different substituents attached to the nitrogen 
In the work up to now, precursors with a urethane function (76) have been used, in order to 
generate N-alkoxycarbonyliminium ions (75) in the cyclisation reactions (Scheme 102). 
(76) (75) 
Scheme 102 
The N-acyliminium ion is a far more electrophilic species and therefore a better nucleophile than the 
simple iminium ion. The superiority of the N-acyliminium ion in the Pictet-Spengler synthesis has been 
demonstrated by us as well as others (see Chapter 1, Section 1.2d). If a more electophilic iminium 
species than the N-alkoxycarbonyliminium ion (75) could be generated, even better results than those 
at present, should in theory be obtained. An investigation was thus carried out on replacing the 
urethane function with a more electron-withdrawing substituent in order to see if the cyclisation 
reactions could be further improved. 
2.8.1 a-methoxysulphonamides 
The sulphonyl group is more electron-withdrawing than the urethane group. Mollov and Kohn 
have already made use of N-sulphonyliminium species with some success in his work (see Chapter 
1, Section 1.2d),43.44 and it was felt that the sulphonyl group was a good starting point for our 
investigations. First the appropriate precursors, the a-methoxysulphonamides (166), needed to be 
prepared. 
R" ~N-SO,R3 
lVMeO--< R2 
(166) 
This in theory could be achieved using an 'aza-anion' strategy, shown below (Scheme 103). 
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(166) 
R"SO,Gi 
=====> 
OMe A'-< 
X 
> 
'Aza- anion' chemistry 
Schotten-Baumann reaction 
Scheme 103 
(167) 
Beginning from f3-phenylethylamine and tosyl chloride, the first step to make the sulphonamide (168) 
was straight forward. A standard Schotten-Baumann procedure was used (Scheme 104).99 
0) NaOH (aq) m-.-o--. 
(90) (168) 
57% (-yield net optimised) 
Scheme 104 
The next step, to prepare the cyclisation precursor presented problems. Using n-BuLi, an attempt was 
made to react sulphonamide (168) with a-chloro-a-methoxytoluene (1 07) (Scheme 1 05). The 
material isolated from the reaction consisted largely of the starting sulphonamide (168) and 
benzaldehyde. 
(Q rrBuU 
)( . 
OMe 
OQ Ph-< 
Cl 
(107) 
Scheme 105 
r"""i(\N-soOMe ~MeO~ ---
Ph 
(169) 
On enquiring, it was learnt that another research group had similar experiences in making 
a-methoxysulphonamides. The conclusion they drew, was that these compounds were particularly 
unstable.100 With this in mind, we decided notto proceed further along this path. 
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2.8.2 a-methoxytrifluoroacetamides 
The trifluoroacetyl group was also looked at. Again this is a substantially more electron-
-withdrawing group than the urethane group. The a-methoxytnfluoroacetamide precursors (170) could 
in theory be synthesised via an 'aza-anion' route from trifluoroacetamides (171) (Scheme 106). 
OMe A'-< 
X 
> 
'Aza- anion' chemistry 
(170) (171) 
(CF3C0)20 
> 
Scheme 106 
Using a-chloro-a-methoxytoluene (107), the syntheses of two a-methoxytrifluoroacetamides (174) 
and (175) -the former having an activated primary ring, the latter an unactivated primary ring- were 
successful (Scheme 107}.101 
(CF3C0,10 
(89) R = OMe 
(90) R=H 
(~ n- BuLi 
-<
OMe 
00 Ph 
Cl 
(107) 
Base :DJycF3 
0 
(172) R = OMe , yield = 84% 
(173) R = H , yield = 40% 
RXX)~CF3 
R ' MeO--< O 
Ph 
(174) R = OMe, yield= 75% 
(175) R = H, yield= 81% 
Scheme 107 
The bases used in the synthesis of the trifluoroacetamides (172) and (173) were triethylamine and 
anhydrous sodium carbonate respectively. The superior yield of (172) suggests that in these 
reactions, triethylamine is probably the better reagent. 
C)llisation reactions with the a-methoxytrifluoroacetamides precursors (174) and (175) were 
attempted at room temperature; -all were unsuccessful. 
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Attempts with the unactivated precursor (175), using TMSCI, TMSOTf, TiCI4 and 
pyrophosphoryl chloride gave mixtures containing predominately the decomposition products, -the 
trifluoroacetamide {173) and benzaldehyde. HCVDCM and HCVEtOH solutions were also tried but 
these just resulted in the recovery of a-methoxytrifluoroacetamides {175) precursor. 
Cyclisation attempts with the activated precursor (174) were more complicated. Three 
reagents were tried, -TMSOTf, TiCI4 and pyrophosphoryl chloride. In each case the crude material 
obtained after work-up could not be identified. The 1 H NMR spectra obtained were similar to each 
other, but none conformed to that which would be expected of the product. A strong aldehyde proton 
signal (-about 9.9ppm) could be seen in the products of the TiCI4 and pyrophosphoryl chloride 
reactions and a weak one in the product of the TMSOTf reaction. The IR spectra of all three showed 
a signal in the N-H stretching ~egion (-around 3330cm-1); however TLC analysis of the products of 
the TMSOTf and pyrophosphoryl chloride showed that these contained none of the trifluoroacetamide 
(172). 
lt can be seen that the attempts to use other groups place of the urethane were unsuccessful. 
lt seems for the moment that for the methodology developed by us, the urethane group is still the 
optimal group. 
.. 
103 
---~' 
Section 2.9 
The synthesis of jsoindolines and 2.3.4.5-tetrahydro-lH-2-benzazepines systems 
The Pictet-spengler reaction has traditionally been employed to synthesise a new 
6-membered ring in the preparation of 1 ,2,3,4·tetrahydroisoquinolines. There is little in the literature 
about the application of Pictet-Spengler type syntheses in the formation of rings of other sizes, for 
example 5-membered and 7-membered rings. The resulting systems would be isoindolines (177) and 
2,3,4,5-tetrahydro-1 H-2-benzazepines (178) respectively (Scheme 108). 
New 6-membered rings 
> 
(176) 1 ,2. 3,4-tetrahydroisoquinolines 
New 5-membered rings 
> 
(177) isoindolines 
New 7-membered rings 
RV) 
R2 
(178) 2,3,4, 5-tetrahydro-11+2-benzazepines 
Scheme 108 
2.9.1 The theoretical basis of intramolecular cyclisations 
Several factors are Important in intramolecular ring closures. The first is the so-called 
'distance factor'. For the formation of a n-membered ring, n-2 atoms separate the two reacting atoms. 
As n increases, the probability that the molecule is able to adopt the right conformation for cyclisation 
decreases. The second is the 'strain factor'. Angle strains (i.e. the distortion of normal bond angles) 
and steric interactions between atoms, will influence whether the two reacting atoms can take up the 
correct geometry in the transition state for cyclisation to occur and will determine how stable a cyclic 
system will be, once it has formed.1°2 
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By considering the geometry of the transition state with regard to experimental observations, 
Baldwin formulated a set of empirical rules for ring closures.103 These are now known as 'Baldwin's 
rules' (Appendix). If a transition state can be attained without undue distortion of normal bond angles 
or distances, the ring closure is favoured. If not, the process is disfavoured. 
Baldwin distinguishes two classes of intramoleculer cyclisations. These he termed exo, when 
the breaking bond is exocyclic to the smallest so formed ring, and endo, when the breaking bond is 
inside the smallest so formed ring (Scheme 109).103 
Exo 
Endo 0 
Scheme 109 
Baldwin also distinguishes each reaction by the reaction geometry. For a SN2 displacement, 
the electrophilic carbon is tetrahedral. The nucleophile will approach at an angle of 180° to the leaving 
group. For an ?"• lwphilic addition to a double bond, the electrophilic carbon is trigonal. The 
nucleophile will approach at an angle of about 109° to the double bond. Baldwin terms these 
processes T~i and Tr·J respectively (Scheme 110). 
Tetrahedron electrophiic 
carbon 
Trigonal electrophilic 
carbon 
5~ displacement • a Tet process 
X 
\ 
.. c-Y 
•''l 
Addition to a trigonal carbon • a Trlg process 
Scheme 110 
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In our new modification of the Pictet-Spengler reaction, two possible routes for the cyclisation 
reaction were identified; -an SN 1 mechanism, in which the cyclisation step involves addition onto the 
N-acyliminium ion and a SN2 mechanism, where the cyclisation step involves the displacement of the 
counter-ion adduct. These cyclisations can thus be termed n-Endo-Trig and n-Exo-Tet respectively, 
where n is the number of atoms in the new ring (Scheme 111). 
Two routes of cyclisation oossible for the modified ?ictet-8oenaler synthesis 
Cyclisation step in the SN1 process 
R' 
A n-Enda-Trig process 
Cylisation step in the s~l2 process 
R 
A n-Exa-Tet process 
Scheme 111 
For 6-Endo-Trig and 6-Exo-Tet processes, Baldwin's Rules state both are favoured 
processes. Thus in theory, the formation of a new six-membered ring i.e. the formation of 
tetrahydroquinolines, should be possible regardless whether it is via a SN 1 or a SN2 mechanism. This 
is indeed the case as our results have shown. 
For the formation of a new 7-membered ring i.e. 2,3,4,5-tetrahydro-IH-2-benzazepines, 
7-endo-trig and 7-Exo-Tet processes need to be considered. According to Baldwin's rules, both 
processes are favoured. Thus the synthesis of this ring system by our methodology should be 
possible. 
For the synthesis of a new 5-membered ring i.e. isoindolines, 5-endo-trig and 5-Exo-T:.,__l 
processes must be considered. The former is a disfavoured process,104 the latter is a favoured 
process. What this suggests is that if the proposed cyclisations uses a SN 1 process, problems would 
be encountered. However if the SN2 process is followed, a greater chance of success would be 
predicted. lt has already been suggested by us, that in our Pictet-Spengler cyclisations, when the 
aromatic ring is unactivated, a predominately SN 1 type mechanism is followed and when it is 
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activated, the reaction possibly exhibits substantial SN2 character. Thus on geometrical grounds, it 
can be predicted that there is a high probability that isoindolines can be synthesised via our 
methodology if the aromatic ring is activated, but a low probability if it is not 
Consideration of Baldwin's rules is use1ul as a guide in predicting the occurrence 
intramolecular cyclisations, but it must be remembered that these rules are based on the geometrical 
considerations. The nature of the chemical reaction which will form the new bond must also be 
accounted for. In our case with regard to this, two general situations can occur; -the reaction of an 
unactivated system and the reaction of an activated aromatic system. In the formation of the new six-
membered ring in both our work and in the work of others, it has always been advantageous to have 
an activated aromatic system. Many workers have found that cyclisation does not take place without 
it In our work, unactivated aromatic systems will react to give the tetrahydroisoquinolines but only if 
certain reagents and conditions are used. In general, it was felt that because of the nature of our 
cyclisation precursors and intermediates (see Section 2.2), cyclisation with unactivated aromatic 
systems was always possible but they are not as easy as with activated aromatic systems. lt was 
expected that this would also apply to work in synthesising 2-benzazepines and isoindolines. 
The following work reported is joint work, carried out by the author and Dr. Khamis F. Shuhaibar, a 
Research Fellow, at Loughborough University of Technology. 
9.2 The synthesis of 2.3.4.5-tetrahydro-1H-2-benzazepines 
Various workers have synthesised these 2-benzazepine systems via a number of routes. 
Kametani created the new seven-membered ring as shown below (Scheme 112). Table 19 
summarises his results., os 
Table 19 
HO~­
v ~3a 
(179) 
Entrv 
1 
2 
3 
R1 
H 
OMe 
HO 
Butanol, reflux. 1 Oh 
R' 
(180) 
Scheme 112 
Yield 
R2 /% 
H 22.4 
OMe 5.6 
-OCH20- 12.9 
107 
The yields were not high. lt was also found that the phenolic hydroxy group of the amine (179) was 
essential for the reactions. The reaction does not proceed without this group, not even with alkoxy 
groups in its place. This indicates some type of phenolic cyclisation rather than a true' Pictet-
-Spengler reaction. 
Wittekind and Lazarus also synthesised these 2-benzazepines but via a two stage synthesis, 
the first of which was a Pictet-Spengler type cyclisation of an amide, the second a reduction of the 
amide function (Scheme 113).106 In many cases this methodology produced some very good yields. 
MeOOJ: 
. I . 
MeO ""'- NH, 
+ 
MeO 
M eO 
R 
RCHO 
N,.RT 
P.010 , phosphoric acid and 
glacial ace1ic acid mixture or 
trifluoroacetic acid. 
M eO 
LiAIH4 , niF • 
M eO 
R 
Scheme 113 
Recently Kahn and Lee synthesised 2,3,4,5-tetrahydro-fH-2-benzazepines via a •one-pot' 
Pictet-Spenglertype synthesis, in their study of a-sulfamidoalkylation reactions (Scheme 114).44 
CH,(OMe)2 
CF0CO;[i 
Et02CCH(OEt)2 
CF3CO;[i 
RT, 7 days 
Scheme 114 
(181) 85% 
(182) 1!% 
Some success was achieved; a high yield was obtained for (181) but a poor yield for (182). 
Other routes that have been used include Bischler-Napieralski routes.107 The example below 
was reported by Kanaoka and eo-workers (Scheme 115).107a 
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polyphosphate esters (PPE) 
M eO 
M eO 
R 
Scheme 115 
A= H; yield= 76% 
= Me; yield = 63% 
= Ph; crude yield= 90% 
However Goldman and his eo-workers showed that this is not a good route. The Bischler-Napieralski 
products are prone to dimerisation, and can only be isolated and reduced to the 2,3,4,6-tetrahro-tH-
·2-benzazepines with extreme care and haste. They cast doubts on some of the results reported by 
Kanaoka and his eo-workers. They repeated one of the cyclisations but found that the products were 
not the expected Bischler-Napieralski product, and the sodium borohydride reduction product not the 
required 2-benzazepine, but dimers of the type (185) and (186) respectively {Scheme 116).to7b 
CO 
(183) 
OQ 
(184) 
Acid catalysed 
dimerisation 
Scheme 116 
(185) 
1 NaBH4 
(186) 
Caesar and Mondon use a totally different approach to the syntheses of these ring systems. 
This is summarised below {Scheme 117).108 
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~) ~Br, K:,C03 1methanol 
~Q Dimethylaniline , 1!. q CHO (Oaisen rearrangement) --~~~Q~~~C0~3~·~B=n~a~I~D=M~F--------~ MeO (i\j CH3NH, I methanol 
OH (\j NaBH4 1 ethanol 
(187) 
(\4) B:f-1.111-IF , NaOH , 30% fi,02 
(Q soa2 1 chlorofonn 
(ii) EtOH, 1!. 
~iQ 0.2N NaOH I methanol, 1!. 
One-pot synthesis' 
(188) 
(189) 
Scheme 117 
lt is an interesting approach. From commercially available isovanillin (187), the precursor (188) is 
prepared by a number of steps. The cyclisation to the required product (189) takes place in a one-pot 
reaction via a chloride intermediate. 
The syntheses of a new 7-membered ring by using our modified Pictet-Spengler synthesis 
was now attempted. lt was decided to use N-(a-methoxy-u-phenylmethyi)-N-methoxycarbonylamide 
precursors. These would give 1-phenyl-2-benzazepine derivatives. Two precursors were made, one 
with an activated and one with an unactivated primary aromatic system, (194) and (197) respectively 
(Scheme 118). 
M eO~ 
MeO~ Co2H 
(190) 
(i) soa2 
~i) NH3 191 
M eO~ 
MeO~ O~NH, 
(191) 100% 
PhCHO M eO~ 
MeOAJ (~ (Q Me02CCI (ii) Et3N , MeOH 
Ph 
(193) 86% 
PhCHO ~) Me02CCI 
M eO~ 
MeO~ ~ 
(192) 92"A. 
MeO~-..,/OMe MeOAJMee--(~ 'b 
Ph 
(194) 91% 
02 en (N (ii) Et3N, MeOH C()~OMe MeO-< 0 2 
Ph Ph 
(195) (196) 100% (197) 91% 
Scheme 118 
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The cyclisations of (194) and (197) were attempted under various conditions. The results are 
summarised in Table 20. The reactions were performed at room temperature. 
In most cases, the corresponding secondary urethanes can be recovered if material fails to 
cyclise, along with benzaldehyde and some unidentified polymeric material. The theoretical yield of 
the secondary urethanes isolated are also given. 
Table20 
,!;,n!ol, 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
x:(}-/o~e 
MeO-<, '6 
Ph 
(194) R = OMe 
(197) R=H 
~[ecursor 
(194) 
(194) 
(194) 
(194) 
(194) 
(197) 
(197) 
(197) 
(197) 
(197) 
Beage!J! 
TMSCI 
TMSOTf 
POCI3 
P20 3CI4 
TiCI4 
TMSCI 
TMSOTf 
POCI3 
P20 3CI4 
TiCI4 
Reagent 
Solve m 
CH3CN 
CH3CN 
CH3CN 
CH3CN 
DCM 
CH3CN 
CH3CN 
CH3CN 
CH3CN 
DCM 
111 
R 
R 
Tjme 
L!J. 
72 
72 
20 
20 
72 
72 
72 
20 
20 
72 
N rM· 
Ph O 
(198) R = OMe 
(199) R = H 
Yield of 
2-benzaze[!ine 
/% 
33 
0 
96 
46 
74 
0 
0 
0 
0 
22 
Secocut.aCJt. 
Uretbane 
[ecovjlre!;! 
/% 
56 
0 
trace 
0 
15 
Not 
measured 
0 
Not 
measured 
0 
52 
lt can be seen, the results obtained are overall poorer than those obtained for the synthesis of the 
tetrahydroquinolines. However as theory predicts, both the activated and the unactivated 
N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamide precusors, (194) and (197), will cyclise if 
the right conditions are chosen. The former gives far better results than the latter, which again 
emphasises the difference that activation in the primary aromatic rings makes in these reactions. 
In the case of (194), it is interesting to note that TMSOTf fails and pyrophosphoryl chloride is 
poor (46%), whilst POCJa gives the best result (93% yield). This is in contrast to the case with the 
analogous activated six-membered ring cyclisations where all three were excellent reagents (-see 
Section 2.2 and 2.4). This suggests that a different set of criteria apply here. 
No secondary uretha~e was isolated from the reactions of (194) with TMSOTf and 
pyrophosphoryl chloride (P20 3CJ4), but in each case an identical unidentified polymeric material could 
be isolated. This suggests that the 7-membered ring N-(a-methoxy-a-phenylmethyi)-N-
-methoxycarbonylamide precusors are more susceptible to side-reactions than their 6-membered ring 
counterparts. In the failed reactions of (197) with TMSOTf and pyrophosphoryl chloride, no secondary 
urethane was isolated, only the same unidentified polymeric material was found. 
TiCI4 gave a good yield of cyclic material with (194) and is the only one which gave the 
required product (199) with (197). This again emphasises a difference in the character of this reagent 
as compared to the other reagents used. 
The synthesis of 2,3,4,5-tetrahydro-IH-2-benzazepine derivatives with an ester grouping at 
the new C-1 position was also attempted using our methodology. The precursors (202) and (203) 
were synthesised, with activated and unactivated aromatic rings respectively (Scheme 119). 
R 
R 
(192) R = OMe 
(195) R = H 
Br'\. uO 
0i) ~
MeO OMe 
(166) 
Scheme 119 
All attempts made to cyclise (202) and (203) tailed. 
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HNYOMe 
0 
{200) R = OMe , Yield = 73% 
(201) R = H , = 82"..b 
J N\(OMe 
Mea-{ 0 
C02Me 
(202) R = OMe , Yield = 31% 
(203) R=H, =35% 
With (203), TiC14 and TMSOTf at room temperature were tried. The former gave a mixture 
containing a substantial amount of the decomposition product, the secondary urethane (201), whilst 
the latter gave a mixture containing several components. 
With the activated system, (202), POCI3 and TiCI4 at room temperature ~ tried. These 
reagents were selected because of their success wtth the activated N-(a-methoxy-a-phenylmethyi)-N-
-methoxycarbonylamide precursor (194). These gave mixtures, in which none of the anticipated 
product was detected. 
Why does there exist more difficulties in trying to cyclise these N-{a-methoxy-a-estermethyQ-
N-methoxycarbonylamides as compared to the N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonyl-
·amides? One explanation ma~_lie with the difference in the N-acyliminium species formed. Because 
of the urethane and the ester electron-withdrawing groups, the N-acyliminium ion (204) from the N-(a-
methoxy-a-estermethyi)-N-methoxycarbonylamides will be of higher energy and therefore are more 
reactive than those (205) from the N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamides. The 
adjacent phenyl group in (205) will also help to stabilise the cation via delocalisation. 
(204) 
Higher energy, more reacti;e 
~OM• 
Ph 
(205) 
Lower energy, less reacthe 
Given that · · the formation of a new seven-membered ring is difficult (in comparison to the synthesis 
of the 6-membered ring) then the N-(a-methoxy-a--estermethyi)-N-methoxycarbonylamide precursors 
should be more susceptible to side-reactions than the N-{a-methoxy-a-phenylmethyi)-N-
methoxycarbonylamides. Hence , the former's failure to undergo cyclisation. 
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2.9.3 The synthesis of isoindolines 
The syntheses of isoindolines were attempted. Again N-(a-methoxy-a-phenylmethyQ-N-
-methoxycarbonylamide were chosen as precursors to begin with; 1-phenylisoindolines being the 
hoped-for products. Precursors (210) and (211), with an activated and unactivated primary aromatic 
ring system, were synthesised (Scheme 120). 
(206) R = OMe 
(207) R= H .. 
(i) Me02CCI 
OQ Et3N , MeOH 
PhCHO ~N ~ l_Ph 
(20S) R = OMe , Yield = 92% 
(209) R=H, =97% 
0 
~N)l__OMe 
~MeO~h 
(210) R = OMe, Yield= 93% 
(211) R = H , = 44% 
Scheme 120 
Cyclisation reactions were tried on the precursors (210) and (211). The results are summarised in 
Table 21. All the reactions were at room temperature. In all cases, secondary urethanes and 
benzaldehyde could be found, when material fails to cyclise. A yield of secondary urethane is included 
for some of the results. 
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Table21 
£!!!!:l( 
1 
2 
3 
4 
5 
6 
7 
(210) A= OMe 
(211) R = H 
erecurSO[ Be agent 
·-
(210) TMSOTf 
(210) POBr3 
(210) P20 3CI4 
(210) TiCI4 
(211) TMSOTf 
(211) TiCI4 
(211) P20 3CI4 
Reagent 
SQivent 
CH3CN 
CH3CN 
CH3CN 
DCM 
CH3CN 
DCM 
CH3CN 
MeO~N--lMe 
MeO~ O 
Time 
L!J. 
72 
20 
20 
72 
72 
72 
20 
Ph 
(212) R; OMe 
(213) R; H 
Yield of 
isoindoline 
1% 
22 
17 
58 
50 
0 
0 
0 
S~conda[l£ 
yrethane 
recQvereg 
1% 
54% 
30% 
21% 
23% 
Not 
measured 
Not 
measured 
Not 
measured 
As was suggested by our theoretical considerations, the unactivated precursor (211) does not 
cyclise. Reactions with TMSOTf, TiCI4 and pyrophosphoryl chloride (P20 3CI4), which have been the 
most successful reagents in the past, all failed. 
Cyclisation of the activated precursor (210) does work. This again illustrates the substantial 
difference between activated and unactivated precursors in these reactions. Poorer results however 
than in the tetrahydoisoquinoline syntheses and in general poorer results than in the 2-benzazepine 
syntheses are obtained. Again, it is to be noted that the isolation of secondary urethanes from the 
decomposition of uncyclised intermediate materials was not total. Some unidentified polymeric 
material could always be found, indicating that competing reactions are present. 
Attempts were also made to synthesise isoindolines with an ester grouping in the new C-1 
position. An activated a-methoxyuethane precursors was prepared (215) (Scheme 121). 
115 
x:rN~ 
(200) R; OMe 
Br"-. //0 
(iQ ~
MeO OMe 
(166) 
Me02CCI 
(214) R; OMe, Yield = 60% 
0 
Y'Y'"'NAOMe 
~MeO~C02Me 
(215) R = OMe, Yield; 80% 
Scheme 121 
The analogue with an unactivated aromatic ring system (216) was available to us. This can be 
prepared using a similar 'aza-anion' method, which has been recorded in the literature.109 
Despite numerous attempts, efforts to cyclise (215) and (216) proved unsuccessful. With 
(216), TMSCI, TMSOTf, TiCI4 and AIBr3 were all tried. Generally complicated mixtures of materials 
are obtained but no required product could be observed by spectral analysis. 
In the case of (215), TiCI4 and TMSOTf were tried. The former gave the decomposition 
product, the secondary urethane (214). The latter however gave an unidentified solid with NMR data 
which could not be assigned to that of the required product. 
One can speculate why (215) and (216) did not cyclise. The same reason as for the failure of 
the corresponding 2-benzazepine precursors (202) and (203) can again be suggested, -the 
N-acyliminium ion is simply too reactive. Here however, the situation would be worse, since the 
previous results with the N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamide precursors (210) 
and (211) have shown that attempts to synthesise new 5-membered rings are in any case more 
difficult than for preparing 7-membered rings. 
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Chaoter 3 
Preliminary investjgations into a new asymmetric Pictet-Spenqler synthesis 
Having explored the extent of our version of the Pictet-Spengler synthesis, our attention was 
turned to the possibility of developing it into an asymmetric synthesis. This chapter gives an account 
of our ideas and the preliminary work done towards this aim. 
1t was realised that a number of major problems existed. On examining existing asymmetric 
syntheses, it was found that in the great majority of cases, chiral substituents elsewhere in the 
backbone of the proposed ring .influences the formation of the new stereogenic C-1 centre (See 
Section 1.4). Our wish was to develop a different route to asymmetric control, which is applicable to 
our general Pictet-Spengler methodology. 
For the purpose of simplicity, it was assumed for this study that our cyclisation reactions 
proceed simply via N-acyliminium ions. 11 was realised that not only is there the problem of which face 
of the N-acyliminium ion nucleophilic attack occurs at in our cyclisations, but there is also the problem 
of the geometry of the N-acyliminium ion. The formation of an N-acyliminium ion from the 
a-methoxyurethane precursors could in theory result in trans and cis geometrical isomers. This would 
give two possibilities for nucleophilic 
N-acyliminium ion (Scheme 122). 
R2 = urethane grouping 
attack by the aryl ring for each of the two faces of the 
H.,';;=~-
R" "R2 
Two possibilities of nucleohilic attack, depending on the N-acyliminium ion geometry, 
for attack on one of the two faces. 
Scheme 122 
One would assume (with analogy to imines) that the N-acyliminium ion that is trans with respect to the 
fl-phenylethyl group, would be the more thermodynamically favoured and therefore more predominant 
isomer. 
A number of workers have studied the geometry of iminium ions in generaf.110 There are a 
number of ways in which iminium ions can undergo thermal isomerisation (Scheme 123).110a 
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[ R'~··''R" r / Ff'~R4 ~ 
R'·v R2 R1 R2 R".V/R' 
N/ +Nu- '-N/ -Nu- N 
R)"R4 Ff'~·.,,,Nu Ff'AR4 R4 
~ H 7 
R'-....;; f ,,R" 
N"" 
Ff'~R4 
Different possible routes for iminlum ion isomerisation 
Scheme123 
lt was also found, that isomerisation is in some cases sensitive to solvent effects; -some iminium ions 
underwent geometrical isomerisation by simply being in certain solvents.110a For CH2=NH2 + the 
theoretical barrier to rotation is calculated to be 70kcal/mol (293kJ/mol) in the gas phase.111 This 
figure is quite high but under reaction conditions this maybe attainable. Thus this question of 
N-acyliminium ion geometry may be quite complicated and may have to be considered more deeply 
as the work progresses. 
For an initial investigation in developing an asymmetric version of our cyclisation, a number of 
approaches can be considered. Our aim is to compromise the geometry of the reaction intermediates, 
and two methods of doing this are by using chiral auxiliaries and chiral Lewis acid reagents. 
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3.1 The use of chiral auxiliarjes 
The use of second-generation or auxiliary-controlled methods were first considered. This 
requires the use of an existing chiral group -the chiral auxiliary-, attached to the a-methoxyurethane 
precursors, to control the creation of the new stereogenic centre.11 2 
There are many examples of the use of chiral auxiliaries. In recent years there has been a 
surge in interest in cyclohexane-based chiral auxiliaries, such as (-)-menthol (217), (+)-menthol (218), 
(-)-8-phenylmenthol (219),113 (+)-8-phenylmenthol (220),114 (-)-(1 R, 28)-trans-2-phenylcyclohexanol 
(221), (+)-(1 S, 2R)-trans-2-phenylcyclohexanol (222),115 (-)trans-2-(a-cumyQcyclohexanol (i.e (-)TCC) 
(223) and (+)trans-2-(a-cumyl)cyclohexanol (i.e (+)TCC) (224).116 Of these, 8-phenylmenthol and 
TCC are deemed to be more the superior auxiliaries,116 and menthol the poorest.117 
~ 
/"---.. 
(217) 
(-)-(1R, 2S, SR)-menthol 
OH I y D .. < 
(219) 
(-)-(1R, 2S, 5R)-8-phenylmenthol 
(220) 
(+)-(1S, 2R, SS)-8-phenylmenthol 
(218) 
(+)-(1S, 2R, SS)-menthol 
Ph 
6·~ 
(221) 
(-)-(1R, 2S)-trans-2-phenyl-
-cyclohexanol 
(222) 
(+ )-(1 S, 2R)-trans-2-phenyl-
-cyclohexanol 
OH I y 6A_" 
(223) 
(-)-(1R, 2S)-trans-2-
·(a- cumyQcyclohexanol 
J:J< u'" 
(224) 
(+)-(1S, 2R)-trans-2-
·(a- cumyl)cyclohexanol 
Cyclohexane-based chiral auxiliaries have been used to control stereochemistry in many 
types of reactions, such as Dials-Alder cycloadditions, ene reactions and Michael reactions. 117 
Comins has used (-)-8-phenylmenthol in creating his asymmetric Pictet-Spengler synthesis with a 
diastereomeric excess of 66% (see Section 1.4).63 lt was felt that for our purposes, an approach 
with these cyclohexane-based auxiliaries may prove promising. 
lt was deemed possible to place chiral auxiliary groups in two positions in our a-
methoxyurethane precursors; -the firstly at the urethane function and secondly attached via an ester 
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to the carbon which will eventually become the C-1 position of the tetrahydroisoquinoline (Scheme 
124} .. 
Chiral 
Auxiliary 
Possible posHions of chiral auxiliaries. 
Scheme 124 
In theory, hydrorl J s 'S · , of the urethane and hydrolysis of the ester could be used to remove the 
chiral auxiliaries. 
In order to test the potential of the proposed methodology, it was decided to use (-)menthyl 
groups initially as the chiral auxiliaries. A number of a-methoxyurethane cyclisation precursors with 
(·)-menthyl groups were successfully synthesised. These syntheses are summarised (Schemes 125, 
126 and 127). 
The 'aza-anion approach' was used to synthesise all these precursors. Attempts at preparing 
these compounds via an 'imine route (see Section 2.1) proved unsuccessful. 
X()~o··9 
Ph 
(225) R= H 
(226) R= OMe 
(229) R= H 
XY"JN-<OMe 
""'- Mao:( 0 Y 
(22n :=H ~ 
(228) R = OMe y 
Scheme 125 a-Methoxyurethane precursors with <.).menthyl auxiliaries 
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- - ------------------------------------------------------
0 OMe 
MeO.,>--<oMe 
(105) R = H 
(104) R = OMe 
(164) 
Scheme 126 
(-)-Menthyl chloromethoxyacetate (230) was prepared as shown by the ester-exchange method of 
Earle and Heaney.118 
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------------------------------------------------------------------------- I 
(90) R= H 
(89) R= OMe 
+ 
n-BuU 
~ 
/'--.. (-)-menthyl chloroformate 
XY:yoJ? 
o-<:~ 
(232) R= H, 87% 
(233) R = OMe , 86% 
(107) 
::o:)~"""9 
Ph 
(225) R = H , 78% 
(226) R = OMe, 84% 
n-BuU 
0 OMe 
M<.o>-< Be' 
(166) 
x:rJ --<""""(J R M~-( 0 X 
CO,Me 
(229) R= H, 59% 
Scheme 127 
Cyclisation reactions with these precursors (225), (226), (227), (228) and (229) were attempted at 
room and at low temperatures, using a variety of reagents. These results are recorded in Table 22. In 
each case, where the reaction is successful, two diastereoisomers are formed. 
The temperatures of the reactions were varied, to see the effect on the diastereomeric ratio. 
Asymmetric control by auxiliaries is a kinetic effect, and lowering the temperature should result in 
better diastereoselectivity. 
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Table 22 
~ Precursor Co!JditjQ!J!i product ~ d. e. 
/% 
()j-{""9 ' IMSOTf, CJ?y .. ·9 1 CH3CN, 33 7% Meo-{ " 
'" AT, 12h 
(225) (234) 
2 I TMSOTI, I <5 Not ,. CH3CN, analysed for 
(225) 
-40°C, 11.5h (234) 
3 I TiCI4, I 13 27% CH2C~, (225) 
-78°C, 11.5h (234) 
4 I TiC14, I 69 14% CH2Ci2, Opposite (225) AT, 12h (234) direction 
o;--{~ .. -9 ' '5 TMSOTI, O?y0""2 45 18% CH3CN, MOO-< GO.}<oO 
COJ<e RI, 24h 
(229} 
(235) 
6 I TiCI4, I 0 CH2Ci2, (229} AT, 24h (235) 
()) • oy TMSOTf, oy~yoMe 7 lJ CH3CN, 81 16% 0 0 0 0 AT, 13.5h 
-Q .. -< (227) 
(236} 
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Table 22 !continued\ 
&n!o£ precursor Conditions product Yield d. e. 
/% 
8 I IiCI4, I 8 4% 
CHPz· Opposite 
(227) RI, 12.5h (236) direction 
9 ~ IiCI4, I 0 CH2CI2, (227) 
· 78°C, 11. 5h (236) 
.. 
10 =:o:<~ ..... c;: TMSOTf, JJ?y· .. ·9 CH3CN, 84 11% 
(226) RI, 12h 
(237) 
TiC14, 
11 I CH2CI2, I 58 5% RI, 12h Opposite 
(226) (237) direction 
12 I TiCI4, I 89 7% CH2CI2, (226) 
-78°C, 19.5h (237) 
13 ~ TMSOTI, :~ CH3CN, 100 3% RI, 24h 
-c) ... < 
(228) 
(238) 
14 I TiC14, I <10 Not CH2CI2, analysed for (228) RI, 12h (238) 
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In the cyclisations, the emphasis was on diastereoselectivity, and therefore obtaining good 
yields was a secondary consideration. Many of the yields were poor and sometimes the reactions 
failed completely. 
The 400MHz 1 H NMR spectra of the isolated products were taken in d6-DMSO at around 
380K (the high temperature was necessary to avoid problems caused by restricted rotation around 
the amide bond; see Chapter 4).119 Two regions corresponding firstly to the C-1 methine and 
secondly to the two methyls of the isopropyl group in the (-)-menthyl auxiliary were examined. 
1 H NMR signals used to calculate %d. e. 
These consisted of distinct signals for the two diastereoisomers. The ratio between the two could be 
deduced from the NMR integrations, and the diastereomeric excess (d.e.) for each reaction could 
thus calculated. 
The results with the (-)-menthyl auxiliaries were relatively poor, the highest diastereomeric 
excess being 27% (Entry 3). In cases where the temperatures were varied, the changes in 
diastereomeric ratio are interesting. For (225) wtth TiCI4, at room temperature gave a d. e. of 14% and 
at -78°C a d. e. of 27% but in the opposite direction (Entries 4 and 3). For (226) with TICI4, gave a 
d.e. of 5% at room temperature and d.e. of 7% in the opposite direction at -7s•c (Entries 11 and 12). 
Was there competition between the formation of a kinetic and a thermodynamic product in these 
reactions? This would fit the results as one would expect the predominance of the kinetic isomer at 
low temperatures and the thermodynamic at higher temperatures. Or is there an equilibration of the 
products under the reaction condttions, which is temperature dependant? These are questions which 
may warrant further investigation at a later stage. 
The question of how the (-)-menthyl group was in theory imparting some stereochemical 
control -although small- was asked. Assuming that a N-acyliminium ion is formed, it is possible to 
hypothesise the conformations of the intermediates as shown (Scheme 128). 
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R 
(239) (240) 
Scheme 128 
.. 
(239) represents the case where the chiral auxiliary is at the urethane position and (240) where it is at 
the ester position. In each case, it is assumed that the (-)-menthyl group adopts a position to minimise 
steric interactions with rest of the molecule. The isopropyl groups will be as far away from the 
N-acyliminium part as possible. This gives the conformations shown above. The aryl ring can attack 
the N-acyliminium ion from one of two faces. However due to the presence of the isopropyl group 
guarding one face, there will be a preference -although small- for attack from the opposite face. 
The results obtained for the (-)-menthyl auxiliaries are poor, but the methodology shows 
promise. The next step is the use of the more potent chiral auxiliaries such as 8-phenylmenthol, TCC 
or trans-2-phenylcyclohexanol. These offer bulkier substitituents which will enhance the 
stereochemical demands, exhibited by the (-)-menthyl auxiliaries, and aryl substituents which gives 
the possibility of,_, interactions with the aryl ring of the N-acyliminium ion. This may fully shield one 
face ofthe intermediate (Scheme 129). 
(241) 
OMe 
:re - :rt interaction, causing the shielding of one 
face: -a scenario for an asymmetric Pictet-8pengler 
type reaction. 
Scheme 129 
(242) 
Shielding effects derived from "-" interactions have been offered as explanations to many 
diastereoselective reactions using these auxiliaries.63,1l7 
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The use of (-)-menthyl as an auxiliary group was relatively straight-forward since the starting 
materials, such as the amines and the {-)-menthyl choroformate, were either readily available or were 
easily made by literature procedures. However tor other potential chiral auxiliaries, this is not the 
case. One needs to find alternative routes to preparing the appropriate precursors_ 
Methods of synthesising a-methoxyurethanes with other chiral auxiliaries at the urethane 
function (242) were next investigated. 
Chi raJ 
Auxiliary 
lt was intended to use chiral alcohols to introduce the chiral moiety into the compounds. 
a-Methoxyurethanes precursors can be synthesised from secondary urethanes using the 'aza-anion' 
chemistry (see Section 2.1), which we have frequently employed. Thus the problem is to make these 
secondary urethanes from the chiral alcohols. In theory two general routes were available; -starting 
from a j3-phenylethylamine, one could synthesise urethanes by reacting the amine with chiral 
chloroformates, derived from chiral alcohols (Route A) or alternatively, one could prepare the 
isocyanate of the amine and react this with chiral alcohols (Route B) (Scheme 130). 
Route A -Synthesis \ia chiral chlorofomJates 
R"OH + 
Route 8 -Synthesis lia isocyanates 
A'~ A"~ NH, + COCJ, 
R':()J I + R"OH 
A" """- N=C=O 
where R" is a chiral group 
Scheme 130 
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Of the two methods, Route B was preferable, since the chiral alcohol is added as the last 
stage and any unreacted alcohol may be recovered. This was the method we concentrated on. 
For the conversion of amines to isocyanates, the use of phosgene has been commonly used. 
Phosgene is extremely toxic and thus it was decided to make use of the much safer phosgene 
substHute, triphosgene (243). 
0 
A a3co oca3 
(243) 
Eckert was the first to use triphosgene as a phosgene substitute;120 but until recently there was little 
methodology available for its use in the literature.121 The procedure developed by us for making 
chiral secondary urethanes with triphosgene is shown in Scheme 131. 
0 
A a,oo oca3 + 
(243) 
CN-\, + 
(244) 
p~ + 
N=C=O 
(246) 
0 3CN-\ PhMe, N, 0) Addi1ion of pyridine at o'c OQ 1hatRT 
(244) 
Phl 
Ph~ NH;, (90) PhMe, N, 
N=C=O 
or (Q Addi1ion of (90) or (245) at o'c (246) 
Phl+ 
OQ RT!or2h 
OiQ Reflux for 2h 
NH3CI 
(245) 
R'OH 
PhMe, N, 
(i) Addi1ion o1 R'OH at o'c 
Qi) RT <>.emight 
where R' is a chiral group 
Scheme 131 
~-phenylethylamine was the amine used in developing this methodology. lt was hoped that the 
isocyanate (246) could be isolated and used when required. However attempts to purify the 
isocyanate by distillation failed. Table 23 shows results obtained for making the secondary urethanes 
of ~-phenylethylamine with (1 R, 2S, 5R)-(-)-menthol (248), (1 R, 2R, 3R, 5S)-(-)-isopinocampheol 
(249) and (-)-8-phenylmenthol (250). 
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(248) (249) (250) 
Table23 
£n!oL Amine .. A!!;Ohol B! Yield of 
se£onda[ll 
yrethane% 
1 fl-phenylethylamine (248) Secondary 
(90) urethane (232) t , . •••• 
51 
2 fl-phenylethylamine (249) ~ Secondary (90) urethane (251) . 37 
3 fl-phenylethylamine (249) I Secondary 
-hydrogenchloride urethane (251) 
(245) 
58 
4 fl-phenylethylamine (250) Secondary 
-hydrogenchloride t······ urethane (252) 
(245) 
/ ~ 44 
Ph 
(Compound (232) has already been synthesised from fl-phenylethylamine and (-)-menthyl 
chloroformate, but is synthesised here purely to develop the 'triphosgene' methodology.) 
I! can be seen from the yields that this synthesis is not optimised as yet. In each case unreacted 
alcohol can be recovered. 
it is interesting to note that from Entries 2 and 3 in Table 23 the use of the amine in its 
hydrogen chloride form seems to improve the reaction. In the classical syntheses of isocyanates 
using phosgene, the tendency has been to use amine acid salts. This apparently hinders the 
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unwanted side reaction of the isocyanate product with unreacted amine in the reaction mixture, thus 
improving the yield. 
During the time of our investigations using triphosgene, Ghosh and his eo-workers published 
a high yielding synthesis of secondary urethanes using di(2-pyridyQ carbonate (254). The latter can 
be made from 2-hydroxypyridine and triphosgene (Scheme 133).122 This methodology may provide a 
very useful alternative route to our own. 
Preparation of dil2-pyridyll carbonate 
~ 
l...NAOH 
0 
A. C13CO OCCI3 
Et3N 
+ 
DCM 
(253) (243) (254) 
Preparation of secondarv urethanes from alcohols and amines 
Q 0 1)""" 11 + R10H 
N 0............._0 B 
Et3N 
DCM 
(254) 
Reported yields betWeen 68 end 81% 
Scheme 133 Preparation of secondary urethanes according · 
to the method of Ghosh. 
Attempts to use the new chiral secondary urethanes were undertaken. At the present time, 
the N-(a-methoxy-a-phenylmethyQ-N-methoxycarbonylamide precursor (255) has been made from 
the secondary urethane (251) (Scheme 134). Two attempts at the cyclisation of (255) at room 
temperature with TiCI4 and pyrophosphoryl chloride have both been unsuccessful. Cleavage of the 
urethane function, followed by side reactions is suspected (Scheme 134). Investigations are 
continuing. 
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Ph~ ''"··.ri'/_ _(i):.;_o _n_·_B_uu_· __ ,.. 
HNYO~ (iQ F\__/a 
Ph~ ''•• ••• ri'l_ 
MeO--(yo~ 
0 ~-· OMe 
(251) 
Pyrophosphoryl chloride or 
-na. 
)( lo 
Scheme134 
Ph O 
(255) 
':rY-· 
. ...
0 
The use of chiral auxiliaries attached to the alkoxy leaving group 
51% 
Two types of chiral auxiliaries had been investigated so far, that attached to the urethane 
function and that attached to the eventual C-1 position. Was there the possibility of attaching such a 
group to a-methoxyurethanes in the way shown below? 
r-.., OMe 
Ph' \---i 
~/ 0 ~-~, 
Chiral auxiliary on the leaoJng alkoxy group 
Could a group attached here influence stereoselectivity? If it could, this would have the advantage 
that in one-step, the cyclisation takes place, the stereogenic centre is formed and the chiral auxiliary 
is eliminated (Scheme 135). 
where MX,..1 is the Lewis acid and A* is the chiral auxiliary 
Scheme 135 
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This is an attractive idea but any stereoselectivity would depend on the mechanism of the 
elimination of the chiral (R•o-) group, and the how close the chiral leaving group remains to the rest 
of the molecule as the new ring is formed. 
The first thing that had to be established is whether it is possible to form such a chiral 
precursor easily and whether it would undergo cyclisation easily. This study was undertaken and both 
reactions proved to be straight-forward (Scheme 136). 
(91) 
lMSCI 
Scheme 136 
0) Me02CCI , Et20 
QQ Et3N 
(iii) .)___ ~OH 
/'-.... (256) 58% 
(112) 60% 
No optical actMty 
The chiral group chosen was again (-)-menthyl. A variation on the imine approach (Section 2.1) to 
the 1ormation o1 the precursors was used, but instead o1 quenching with methanol, (-)-menthol was 
added. 
The cyclisation step gave racemic (112). This was hardly surprising, since the precursor (256) 
will almost certainly be 1ormed as two diastereoisomers. At present it is unsure whether to continue 
with this line of study. 11 it is decided to proceed on with this investigation, the diastereoisomers of the 
precursors must 1irst be isolated, and then used separately in order to judge the stereoselectivity of 
the cyclisation process. 
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Section 3.2 The use of chiral Lewis acids 
Using chiral auxiliaries is one way to induce asymmetric selectivity but this has a number of 
disadvantages. One must attach the chiral group to the precursor and one needs methods of 
removing them. Some of the more acclaimed china! auxiliaries available such as (-)-8-phenylmenthol 
and (+)-trans-2-(a-cumyQcyclohexanol can be expensive to purchase or time-consuming and 
complicated to make. 
Would it be possible to control the formation of the new stereogenic centre in our cyclisation 
reactions by using a chiral Lewis acid to initiate the reaction? There are many examples of the 
utilisation of chiral Lewis acids in asymmetric synthesis,123 and this would alleviate the problems 
associated by using chiral auxiliaries. lt was decided to look at this third generation or reagent-
controlled approach. 
The use of phosphorus-based Lewis acids 
Our in~ial foray into this area was as a result of our work with the pyrophosphoryl chloride 
(Section 2.4). In the synthesis of this compound the initial product is methylphosphorodichloridate 
(126). 
0 
11 p 
MeO,....J'a 
Cl 
(126) 
This can be isolated as a by-product. Its use as a reagent in our Pictet-Spengler synthesis was 
investigated. The reaction with the activated and unactivated N-(a-methoxy-a-phenylmethyl)-N-
methoxycarbonylamides (97) and (99) were carried out (Scheme 137). 
~N-<OMe 
~ea-\ o 
Ph 
('ifl) R = OMe 
(99) R=H 
0 
~ MeO,....I'a 
a 
(126) 
DCM,N, 
24h 
Scheme 137 
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~· 
Ph O 
(112) R = OMe; Yield = 70% 
(113) R = H; = O"A> 
As can be seen the reagent is effective with the precursor with the activated ring system (97} but not 
with the precursor with the unactivated ring system. This is presumably because of the presence of 
chloride counter-ions (Section 2.2). 
it occurred to us that it may be possible to synthesise compounds such as the 
chlorophosphate (257) from phosphoryl chloride and a chiral alcohol, which would be a very simple 
chiral Lewis acid, which may be of some use to us and perhaps a starting point for further studies. 
0 
11 
"!'a 
, Cl 
~ 
(257) 
lt was realised that the reaction of alcohols with phosphoryl chloride are not always as simple; 
products may include chlorophosphates POC12(0R), POCI(ORh, the ester PO(OR)a as well as other 
materials.124 
The synthesis of (257) was nevertheless attempted by adding (-)-menthol to three times the 
amount of phosphoryl chloride and stirring at so•c for 4h. On distillation however, a polymeric 
material (bp 170- 21o•c /0.01mmHg) was obtained, which on testing was of no use as a cyclising 
reagent. it was unclear whether this reaction to synthesise (257} was a failure or if the product had 
simply decomposed on distillation. The reaction was therefore repeated but this time the products 
were not isolated but immediately used in a cyclisation reaction. A 1:1 molar ratio of (-)-menthol : 
phosphoryl chloride in dichloroethane was used. The activated N-(a-methoxy-a-phenylmethyi}-N-
-methoxycarbonylamide, (97}, was added directly to the reaction mixture (Scheme 138). 
MeOyY\N-lMe 
MeO~eO-< O 
Ph 
(97) 
POC\3 + 
(i) CICH,CH,pi , reflux , 3h 
Qi) (97), RT, 16h 
Scheme 138 
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(112) 68% 
20 [a]0 ~ +0.60 
-------------------------------------------------------------
The required product (112) was indeed obtained but had virtually no optical activity. lt is uncertain, 
what species initiated the cyclisation but since there was little or no enantioselectivity, it was decided 
that it was not profitable to continue with this line of approach. 
The use of titanium-based Lewis acids 
Our thoughts turned to the use of titanium-based reagents. In trying to control the new 
stereogenic centre using a Lewis acid, a reagent is required which has the ability to 'hold' the 
precursor and to dictate transition state confonnations. it is well known that titanium co-ordinates well 
to lone pairs and our a-methoxyurethane precursors possess a number of potential coordinating sites, 
-the heteroatoms and the aryl ring. In the proceeding chapter, it was seen how effective TiC14 has 
been as a reagent for our cyclisations. 
In the past two decades, the use of titanium reagents in organic synthesis has grown 
tremendously. They have found use in many reactions especially as alternatives to Grignard and 
lithium reagents.125 A prominent worker in the field of titanium-based reagents is Dieter Seebach. He 
and his eo-workers have explored the synthesis of many chiral titanium reagents. Of considerable 
interest is their development of reagents with chiral diolligands based on (2R,3R)-tartaric acid dialkyl 
esters.12s The general preparation of these reagents are shown in Scheme 139. The (2R,3R)-tartaric 
acid dialkyl ester (258) is first converted to the acetal (259), which is then reacted with a Grignard 
reagent to form the chiral diolligand (260). This can undergo alkoxy exchange reaction with titanium 
(dichloride) (diisopropoxide) or titanium chloride (triisopropoxide) to form the chiral titanium reagents, 
{262) and (263) (isopropanol produced in this reaction is removed azeotropically). This is a very 
effective way of synthesising potentially powerful C2-symmetrical chiral titanium reagents from readily 
available and inexpensive starting materials. 
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General Proceedure for the synthesis of chiral1 4-diols from £2R.3Rl-tartaric acid dimethvl ester 
H:XC02Me 
H '''1'C02Me 
(258) 
R3MgBr 
Etp 
Ar, A 
p-TsOH or ZnCI2 
Pentane or benzene 
" 
R'xOXCO,Me 
R2 0 "'''CO,Me 
(259) 
Examples of chiral 1.4 - chiral diols liqands synthesised by Seebach 
Me Me t-Bux~OH 
H c)··~H 
Me Me 
Ph Ph 0<~ 
Ph Ph 
Fonnation of chiral titanium reagents 
liCI (Oi-P~3 
(261) 
(263) 
Scheme139 Svnthesis of chiral titanium reagents by Seebach 
These were used in the alkylation of carbonyls, and produced very promising enantioselectivity 
(Scheme 140) .126 
R"M 
M = U , R3B , »vvg , »An , RCull 
Alkylation of carbonyl wtth enantioselecti\ity 
Scheme 140 
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Seebach has also explored the use of other diol ligands made by other methods in similar titanium 
reagents, made again by alkoxy exchange reactions with titanium (IV) chloride isopropoxide 
reagents.1 26 
Narasaka and his eo-workers developed the use of chiral titanium-based reagents as chiral 
Lewis acids in asymmetric intramolecular ene reactions, 127 in asymmetric hydrocyanation of 
aldehydes12B and in asymmetric Diels-Aider reactions.129 In these reactions, Narasaka also used 
chiral titanium reagents of the type (263) based on (2R,3R)-tartaric acid-derived ligands. These were 
initially prepared by using the same methodology as used by Seebach (Scheme 139).129a,b 
Naraska found that in the presence of these reagents, Diels-Aider reactions could be highly 
stereoselective; but 2 molar equivalents of the Lewis acid were required (Scheme 141).129a,c,d 
+ 
endo exo 
n = 0.17 endo: exo = 45.5: 54.5 e.e = 9% 
n = 2 endo: exo = 90: 10 e.e = 92% yield= ~% 
Scheme 141 
However by altering the reaction procedure, Narasaka found that catalytic amounts could be used. 
The chiral titanium species could be prepared in-situ, by simply mixing the diol and 
titanium(IV)(dichloride)(diisopropoxide) in toluene at room temperature for 1 h. Powdered 3A, 4A or SA 
molecular sieves was then added followed by the dienophile and diene. Compared to the dienophile, 
only 11 mole% of the diol and 10 mole% ofthe titanium(IV)(dichloride)(diisopropoxide) were needed 
to gave high enantiomeric excesses (Scheme 142).129a,d 
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!nsitu generation of the chiral Lewis acid. 
+ 0 
Toluene, Ar 
1h, AT 
pxO:CPh p~ a 
'"' /li, Pho··~ a 
Ph Ph 
10% molar '/o...:x;......li,...a 
equi;alents Ph)\oJ .... ,._.-0/ 'a Ph~h 
+ 
Toluene, O'C 
Powdered 4A molecular siews 
exo 
endo: exo = 92: 8 e.e = (-)- 91% 
Scheme 142 
The use of powdered molecular sieves is essential tor enantioselectivity in Naraska's modified 
procedure. Sharpless has also used molecular sieves in developing an asymmetric epoxidation, using 
catalytic amounts of chiral reagents.130 The exact role of the sieves are not known although both 
Sharpless and Naraska have shown that water is detrimental to their reactions and the presence of 
sieves would ensure that their reactions remains water-free. 
Around the same time as Narasaka's publications, Seebach also published work on 
asymmetric Diels-Aider reactions using the same and similar chiral titanium Lewis acids. The 
enantiomeric excesses obtained were lower than Narasaka's and the reactions required molar 
equivalents of titanium species.126 
For our purposes, the first thing that was required was to learn more about how titanium 
compounds behaved in the cyclisations. 
TiCI4 has been a very successful cyclising reagent The questions that were asked were, how 
important are the halogens attached to the titanium and how many are required. To answer this, 
several cyclisations were performed using different titanium (IV) species, where chloride groups are 
successively replaced by isopropoxide groups:- TiC14, TiC13(0iPr), TiCI2(0iPr)2, TiC13(0iPr) and 
Ti(OiPr)4. The different TiCin(OiPrkn species are made by the equilibration of n molar equivalents of 
TiCI4 and n-4 molar equivalents of Ti(OiPr)4, methodology based on that of Dijkgraaf and 
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Rousseau.131 The two N-(a-methoxy-a-phenylmethyi)-N-methoxycarbonylamides (97) and (99), 
activated and unactivated respectively, were employed. The results are displayed in Table 24. 
Table24 
~ 
1 
2 
3 
4 
5 
6 
7 
8 
(97) A= OMe 
(99)A=H 
(![eCU[§Q[ Iitanium 
Specjes 
(97) TiCI4 
(97) TiCI2(0i-Prb 
(97) TiCI(Oi-Pr)a 
(97) Ti(Oi-Pr)4 
(99) TiCI4 
(99) TiCI3(0i-Pr) 
(99) TiC~(Oi-Pr) 
(99) TiCI2(0i-Prb 
Aeagen1 
Ratio of 
precursor: 
TiC!n(Oi-Pr)n-4 
1:1.37 
1:1.2 
1:1.2 
1:1.2 
1:1.37 
1:1.2 
1:4 
1:1.2 
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(112) A= OMe 
(113) A= H 
Beactio!J Yiel!l of Cl£Cijse!l 
Iim~ lb material 
/% 
22% 98 
24 89 
24 0 
(Precursor (97) 
recovered) 
24 0 
(Precursor ( \'f) 
recovered) 
24 100 
24 23 
(Secondary urethane 
and benzaldehyde 
found) 
24 19 
(Secondary urethane 
and benzaldehyde 
found) 
26 0 
(Secondary urethane 
and benzaldehyde 
found) 
lt can be seen that with the activated precursor (97), TiCI2(0i-Pr)2 (Entry 2) was able to effect just as 
good a cyclisation as TiCI4 (Entry 1). With the unactivated precursor (99), however going from TiCI4 
to TiCh(Oi-Pr) is very detrimental, reducing the yield by three-quarters (Entry 6). Even three-fold 
excess of the titanium reagent did not help (Entry 7). 
The removal of each chloride group and replacement with an alkoxy group, will successively 
weaken the tttanium reagent as a Lewis acid.1 32 lt is thus not surprising that in the reactions of (97), 
failure was observed with TiCI(Oi-Pr)s and TiC12(0i-Pr)2 but (97) was recovered; -the implications 
being that the titanium reagents were too weak as Lewis acids. 
However the situation with (99) is different. Failure to cyclise, leads to the presence of the 
decomposition products, -secondary urethane and benzaldehyde. Why this is so, is unclear but again 
seems to point to a stark difference in reaction pathway between activated and unactivated 
precursors. 
Taking these results with regards to the desire to use chiral titanium reagents, it can be 
concluded that for activated precursors Lewis acids of the formuli TiC13(0R*) and TiCI2(0R1*)(0R2*)2 
should be considered, where R* is chiral. Wtth unactivated precursors, Lewis acids of the formula 
TiCI3(0R*), where R* is chiral, should be considered but with expectations of difficulties arising. 
In TiCI4 reactions, a 37% molar excess of TiCI4 over the precursor was normally used. The 
question was asked whether this was necessary, and if not what ratio of the reagent can be used. 
Could catalytic amounts be used? A series of experiments were done again using the N-(a-methoxy-
-a-phenylmethyQ-N-methoxycarbonylamides (97) and (99), with different ratios of precursor to TiCI4• 
The results are summarised in Table 25. 
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Table25 
~ 
1 
2 
3 
4 
5 
6 
7 
(97) R= OMe 
(99)R=H 
~[ecurso[ 
(97) 
(97) 
(97) 
(99) 
(99) 
(99) 
(99) 
Reagent 
Ratjo of 
Precursor : TiCI4 
1 : 1.37 
1:0.5 
1:0.25 
1 : 1.37 
1 : 1 
1:0.5 
1:0.25 
.. 
(112) R= OMe 
(113) R=H 
Beactio!J YW£ 
Time /% 
L!l 
22V• 98 
24 81 
24 72 
24 100 
24 42 
(Secondary urethane 
and benzaldehyde 
also found) 
24 0 
(Secondary urethane 
and benzaldehyde 
found) 
24 0 
(Secondary urethane 
and benzaldehyde 
found) 
The results show that there is again a difference between activated and unactivated precursors. WRh 
(97), the activated precursor, it is possible to use 0.25 equivalents of TiCI4 and still achieve a high 
yield (Entry 3). Wrrh (99), the unactivated precursor, a drop even to 1:1 equivalent of Lewis acid to 
precursor, results in a steep drop in yield. With regards to the overall work, the chances of developing 
a cyclisation using catalytic amounts of a chiral Lewis acid reagent is very high when the precursor is 
activated but poor when not. 
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Having completed the necessary preliminary investigations, the next steps have now been 
planned. We wish to make chiral titanium Lewis acids of the type (263). 
If any enantioselectivity is found, other titanium reagents containing other types of chiral ligands could 
be tried. There have been numerous chiralligands synthesised by workers for a variety of asymmetric 
reactions; 133 and some of these may be suitable for attachment to titanium reagents by the alkoxy 
exchange reactions. This work is continuing. 
Measurement of enantioselectivitv 
A problem that will be encountered is the measurement of the enantioselectivity of our 
reactions. Whether a reaction has worked with some sort of enantioselectivity, can be determined 
simply by measuring optical rotation. However, as the work progresses, a more quantitative 
measurement i.e. enantiomeric excesses will be needed. The simplest method of measuring the ratio 
of enantiomers without having to perform derivatisations is by using chiral shift reagents and 1 H NMR 
spectroscopy. 
The most common chiral shift reagents are the lanthanide-based reagents. These form 
complexes with basic sites in compounds causing a change in magnetic property around these sites. 
Often with enantiomers, the effect of such reagents is to shift each enantiomer's 1 H NMR signals by 
different amounts, allowing integration and measurement of each set of signals. The ratio of each 
enantiomer can thus be deduced.134 One such lanthanide shift reagent, Ytterbium D-3-
trifluoroacetylcamphorate i.e. Ytterbium (TFA-camphorate)a (ex Flurochem Ltd, Derbyshire) (264} 
was tried on a racemic mixture of tetrahydroisoquinolines. (97} and (99), in order to test the 
methodology. 
o---------
3 
(264) 
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cx;:v 
Ph 0 
MeOx:y 
'- I NYOMe M eO 
Ph 0 
(112) (113) 
A 2:1 molar ratio of the tetrahydroisoquinolines to shift reagent was used in CDCI3. 1 H spectra were 
recorded at room temperature at 250MHz. The spectra obtained were broad and inconclusive. 
Dilution of the NMR mixtures with CDCI3 did not help. This failure may be due to a number of 
reasons. Firstly chiral shift reagents are obviously not guaranteed to work with every compound. If it 
does work, there is always a possibility of an equilibrium between the shift reagent complex and the 
free compounds leading to broadness in the spectra, making interpretation impossible.134 In our 
tetrahedroisoquinoline products, there are always two rotameric forms (see Chapter 4 for more 
explanation) at room temperature because of the amide function and this will in any case complicate 
matters. 
In the 1970s, fluoroalcohols became established as chiral shift reagents for a wide range of 
compounds, which contained a number of basic sites. Determination of the enantiomeric composition 
of lactones135 and oxaziridines136 are two examples. Pirkle suggested that these shift reagents 
ideally work as shown below (Scheme 143).136 
R,><OH 
Ar H 
(265) 
A 'fluoro alcohol shift reagent, where Ar is an aryl group and 
Rr is a fluoro-containing substitutient. 
s, 
lx,...R2 
s...-
2 ... R' 
(266) 
Chiral compound (266), where 
B1 and B2 are basic sites. 
Ideal complexation of the shift reagent to chiral enantlomers of (266) : 
(267) ·. (266) 
Scheme 143 
The reagent will coordinate to two basic sites of the chiral compound (266). R1 and R2 in each 
enantiomer will be in different environments, which are hopefully distinguishable by 1 H NMR. In 
theory, the aryl group in each complex may exhibit anisotropic shielding effects on the group R1 or R2 
in its' proximity, thus shifting the signals to higher field, thus aiding the signal separations in the 1H 
NMR spectra. 
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Our tetrahydroisoquinoline compounds seem ideally set up for use with these fluoroalcohols, 
since the urethane group provides heteroatoms for complexation. The following piece of work was 
carried out in collaboration with Or J.M. Oixon (NMR services, Fisons PLC, Loughborough). The 
fluoroalcohol that was used was the commercially available (R)-(-)-2,2,2-trifluoro-1-(9-anthryl)ethanol 
(269). The tetrahydroisoquinoline used was racemic (112). 
~~ 
Ph O 
(269) (112) 
2 molar equivalents of the chiral shift reagent was added to the tetrahydroisoquinoline in CDCI3. 
Because (112) can exist as two rotameric forms at room temperature (see Chapter 4 for more 
explanation), the 1 H spectra were recorded at 328K at SOOMHz. lt was hoped that at this temperature, 
the two rotamers would be in equilibrium faster than the NMR timescale, so that only one average set 
of signals for the rotamers would be observed. The NMR signal which interested us most was the 
methine H at the chiral centre (-at around 6.31 ppm), a broad singlet at room temperature, which lies 
apart from the rest of the signals in the spectrum. In the event, it was found that this signal was still 
broad at 3281<, and the addition of the chiral had virtually no effect on this signal nor the rest of the 
signals in the spectrum. 
lt is not sure whether the chiral shift reagent has no effect on the tetrahydroisoquinoline or if 
the presence of the rotameric signals are too predominating even at 328K lt is proposed to try this 
experiment again at low temperatures, where the two rotameric sets of signals maybe completely 
resolved. If the chiral shift reagent indeed works, it will then spltt the signals of each rotamer. 
This work is still in progress. Should a chiral shift reagent system be found which is promising but is 
still severely hampered by the rotameric forms of the tetrahydroisoquinolines, then the deriviatisation 
of the latter must be looked into, to remove the amide groups. Alternatively other methods of 
measuring or separating the enantiomers could be considered such as chiral HPLC. 
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Chapter 4 
NMR spectra of the 1 .2.3.4-tetrahvdroisoguinolines derivatives 
The Nuclear Magnetic Resonance spectra of many isoquinolines have been documented, 
since many of these compounds are alkaloids. The ear1ier assignments of NMR data to these 
compounds were carried out by a combination of basic NMR experiments, comparisons of similar 
compounds and theoretical arguments. Hughes, Holland and MacLean, for example assigned 13C 
data to a number of isoquinoline alkaloids in this way. 137 Shamma and Hindenlang have collected 
together a large number of 13C isoquinoline spectra as well as other alkaloids, which are useful 
references. 138 
NMR spectroscopy is a powerful tool, and in our work was the major method of analysis. 
Many of the spectra obtained are interesting. The following sections discuss some of the major points 
in their interpretation. 
Not only is NMR a method of characterising compounds but is a useful method of following 
reactions. One of our cyclisation reactions was followed in this manner, and in Section 4.3 the results 
are discussed. 
4.1 Stereodvnamic processes 
The tetrahydroisoquinolines synthesised in the work done have the basic structure as shown 
below: 
OMe 
)--.OMe 
R2 
The alicyclic ring can undergo conformational changes, and nitrogen itself can exhibit 
' ,, 
versatile stereochemistry. 139 In our products, a number of intramolecular processes can take place; 
these being: 
la\ Ring inversion 
This is also referred to as ring reversal. it involves the interconversion of non-planar equivalent ring 
forms through rotations about single bonds, such that axial substituents become equatorial and vice-
-versa (Scheme 144).140,141 
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A" I 
R' 
Scheme144 
lbl Nitrogen inversion 
Ring im.ersion 
This is a pyramidal atomic inversion of configuration, characteristic of some atoms, which possess 
one lone electron pair, and which are bonded to three substituents in a pyramidal geometry. The 
inversion goes through a planar transition state, where the central atom is trigonally hybridised and 
the lone pair lies in a p orbital (Scheme t175).140,142 
[ R\.9 l * N-R" R"...-0 
Narogen il1'.efSion 
Scheme145 
le\ Restricted rotation around the amide bond 
The amide bond possesses partial double-bond character. This hinders the rotation around the C-N 
bond. This results in rotameric geometrical forms (Scheme 146).140,143 
0 
Rv-\::N-R" ... ,.,__.,.,. 
A3 
.. • 
Restricted rotation in amides 
Scheme146 
The nitrogen substituents are not equivalent geometrically nor magnetically in each resonance 
structure, even when R2 = R3.143 
In NMR studies, all three of these processes are 'rate-dependent•.1 40 lt depends upon the rate at 
which these intramolecular processes occur in relation to the NMR timescale whether they will be 
detected at a particular temperature. The free energy of activation, &Gl, is a thermodynamic 
measure of the energy barrier which must be overcome for the processes to occur. In strict terms, the 
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temperatures which LI.G:j: was measured at or calculated at should be quoted but in the following 
discussion is ignored for simplicity. 
Ring inversion is usually too rapid to be seen at room temperature by NMR spectroscopy. For 
example, AG:j: for ring inversion of cyclohexane is about 10kcal mor1 (41kJ mol-1), and for 
cyclohexene is about s.skcal mor1 ( 23kJ mol-1),140 barriers comfortably surmounted at room 
temperature. 
Nitrogen inversion is also usually too rapid. The energy barrier to inversion is usually very 
low; for example, LI.G:I: is typically about 4-7kcal mol-1 (17 -29kJ mor1) for open chain amines, outside 
the range for which dynamic NMR studies can be applied.140 Nitrogen inversion can really only be 
studied by NMR methods, if the barrier to inversion is raised and the isomerisation slowed down 
(notably, some workers have achieved this by incorporating the nitrogen atom into small ring systems, 
where angle strain hinders the inversion144). 
In the spectra of our tetrahydroisoquinolines, which are recorded at room temperature (and 
sometimes at elevated temperatures), no detection of ring inversion nor nitrogen inversion is thus 
expected. 
This leaves the third process, restricted rotation around amide bonds. LI.G:j: for free rotation 
round the amide bond is usually in the region of 16-23kcal mor1 (67-96kJ mol-1).145 This is a 
relatively high energy barrier and signals due to the rotameric isomers may well be seen by NMR 
spectroscopy at room temperature. 
An interesting example of restrictedrotation around an amide bond in tetrahydroisoquinolines 
was presented by Danon and his co-workers.1 46 The tetrahydroisoquinoline (270) was synthesised. 
MeOw~ A I B N CH 
MeO 7"s y 3 
0' (270) 
CH,O 
CH30 
(2708) (270b) 
Scheme 147 
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Table 2 1 H chemical shifts for (270) (Scheme 147) 
MeO pos~ions Aromatic hydrogens Acetyl 
Compound 
hydrogens 
6 7 5 8 
(270a) 1i /ppm 3.85 3.78 6.63 6.59 1.60 
(270b) li/ ppm 3.82 3.55 6.48 6.11 2.11 
On examination of the 1 H NMR spectrum of this compound, recorded at room temperature, two sets 
of signals were present (Table 26). These are due to the existence of two rotameric isomers, (270a) 
and (270b). By itself this would produce different signals in the NMR spectrum but the effect is more 
pronounced because of the position of ring C (Scheme 147). In (270a) the most preferred 
conformation is under the nitrogen; in (270b), there is steric repulsion between the acetyl methyl and 
ring C, and the preferred position is thus under ring A. The anisotropic effects caused by ring C, shifts 
protons in its proxim~ upfield. This enhances the difference in chemical shifts between the signals for 
the two rotameric isomers. 
For an urethane group, the amide-like resonance is offset by a contribution from the ester 
resonance (Scheme 148).140 
.. 
.. 
Scheme 148 
Thus the aG:I: for rotation round the amide bond is slightly lower in urethanes than in many other 
amides. This is typically around 16cal mol-1 (67kJ mor1);140,147 but this may however still be large 
enough such that rotameric isomers may seen in NMR spectra at room temperature. 
4.2 Examples of NMR spectra of the 1.2.3.4-tetrahydroisoguinolines derjyatjves 
The following show some examples of the NMR spectra of some of the 1,2,3,4-
-tetrahydroisoquinolines derivatives which were synthesised. A typical assignment of the NMR data 
for these compounds is shown below. 
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2.76 (m) & 2.97(m) 
~ 3.24 (m) & 4.04 (s) 
~NYOMe 3.76 (s) 
/Ph O 
6.43 (broad d) 
aromatic protons 6 7.03- 7.38ppm 
1HNMR 
57.67 
aromatic carbons 126.09 & 127.00 & 127.37 & 12a24 & 
128.34 & 128.49 & 128.87 (9x CH), 
134.97 (C), 135.29 (C) and 142.52 (C). 
'
3C NMR 
1-phenyl-2-met hoxycarbonyl-1 ,2, 3, 4-t etrahy droisoquinoline (113) 
Many of the spectra show evidence of restricted rotation round the amide bond. Two examples are 
the spectra of (112) and (118). 
M eO 
M eO 
(112.) (118) 
The 'H NMR spectrum of (112) at 298K (room temperature) in CDCI3 showed broad signals at 6 6.41 
ppm (remains of a doublet can be seen) and at li 4.04ppm (Spectrum 1, page 151). When recorded 
at 323K, the spectrum was more well-defined; a sharp singlet at li 6.38ppm and fine-structure in the 
signal at li 4.04ppm were observed (Spectrum 2, page 151). The broadness of the signals at room 
temperature is due to the slow interconversion of the two rotamers, while at 323K, the interconversion 
is becoming too rapid to be detected. 
In the case of (118) at 298K (room temperature) in CDC\3, two doublets centred at 6 4.70 and 
4.85ppm were seen (Spectrum 3, page 152), which became one broad doublet centred at li 4.80ppm 
at 323K (Spectrum 4, page 152).1n the 13C spectrum of (118) in CDCI3, many of the signals existed 
as doublets at room temperature (Spectrum 5, page 153). The majority of these became singlets on 
heating at 323K (Spectrum 6, page 153). The doubling of these signals at room temperature is again 
due to the slow interconversion of the two rotamers. 
Many of the compounds synthesised were not easy to characterise. 2D NMR techniques 
were therefore frequently used to help. The 1H -1H COSY-45 and the 13C -1H correlation spectra for 
(152) are shown (Spectrum 7 and 8, pages 154 and 155). 
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(162) 
The C-1 methine of this compound appears at b 6.77ppm in the 1H NMR spectrum as expected when 
compared to the other tetrahydroisoquinolines. However the 13C signal appears at b 51.62ppm; at 
higher field compared to the other tetrahydroisoquinolines. This was not anticipated but was 
confirmed by inspection ofthe 13C -1H correlation spectrum (Spectrum 8). 
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4.3 The use of 1 H NMR spectroscopy to follow cyclisation 
The reaction of a-methoxyurethane (97) with TMSCI in CD3CN (Scheme 149) was followed 
by 1 H NMR at at -4o•c (233K). 
Meoyy'\~Me 
MeOV.ea-\ 
Ph 
(97) 
'JMSO 
CD3CN 
Ar 
-40•c 
Scheme 149 
:XX?-r 
Ph 
(112) 
lt was found that '12h after the addtion of TMSCI, no starting material (97) remained but signals, a 
broad signal at 6 8.8ppm and a sharp singlet at li 9.97ppm, which could be assigned to an 
N-acyliminium ion could be observed (Spectrum 9, page 157). A signal at 6 6.25ppm due to the 
product (112) could be detected. Signals at fJ 0.07, 0.44 and 3.41ppm were also detected; these are 
possibly due to the TMS species i.e.TMSCI, TMSOMe present. After 1'/.h at -40°C, it was evident 
that the amount of product (112) was increasing. After a further 1h at room temperature (Spectrum 
10, page 158), the signals at 11 8.8 and 9.97ppm have completely disappeared. Signals expected of 
the product (112) were clearly seen. 
This experiment demonstrated how it is possible to follow these cyclisations by 1 H NMR. 
Attempts at recording 13C NMR spectra at 63MHz were also made but the results proved 
inconclusive. 
Some time after our work, an in-depth NMR study of N-acyliminium ion intermediates, 
generated from a-alkoxyurethanes with Lewis acids, was published by Yamamoto and his eo-
workers. For (271), the singlet assigned to the methine of the N-acyliminium ion is at 11 9.68ppm,148 
comparable to the value for our singlet at fJ 9.97ppm. 
(271) 
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SF . 251?!. 1311 
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Experimental 
General procedures 
1. Analyses 
NMR 
1H NMR and 13C NMR were recorded on the following at room temperature unless otherwise stated: 
Varian CW-60 (1 H NMR at 60MHz) 
Varian CW-90 (1H NMR at 90MHz) 
Brucker AC 250F (1H NMR at 250MHz, 13C NMR at 62.8MHz) 
Brucker AMX 360 (1H NMR at 360MHz, 13C NMR at 90.6MHz) (Fisons Pharmaceuticals plc) 
BruckerWH 400 (1H NMR at 400MHz, 13C NMR at 100.5MHz) (SERC NMR service, Warwick) 
Tetramethylsilane was used as the internal standard. Chemical shifts are reported with muHiplicities 
denoted by s (singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Coupling constants J are 
reported when possible (Hz). 
The spectra are reported in the simplest manner possible. Because many of the compounds 
exhibit effects due to restricted rotation and some are diastereomers, there is often more than one 
signal for each set of protons or each set of carbons. In these cases all the signals are quoted, 
separated by '&' for each set of protons or each set of carbons. In addition, when it is not clear which 
signals correspond to which proton or carbon, they will again be grouped together, separated by'&'. 
Infra red 
These are recorded on a Perkin-Eimer 257 spectrophotometer or a Nicolet 205 FTIR 
spectrophotometer, either as a liquid film (film), in a solution cell or as a KBr disc unless otherwise 
stated. 
Mass spectra 
Mass spectra were obtained either by: 
Electron impact (El) using a Kratos M.S. 80 spectrometer or 
Fast atom bombardment (FAB) using a VG 70-250SEQ spectrometer (Fisons Pharmaceutical plc). 
Accurate mass is quoted when possible. The most intense signals are quoted (intensity relative to 
base= 100). 
Elemental Analysis 
These were performed courtesy of Fisons (Pharmaceutical division) plc, Loughborough. 
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Optical Rotations 
These were measured using an Optical Activity AA-1 0 polarimeter. 
Meltino points 
These were measured on a Electrothermal digital melting point apparatus 
2. Solvents and reagents 
All solvents used were dried and distilled: 
Acetonitrile -dried and distilled over P 20 5 or CaH2 • 
. Chloroform, dichloromethane (DCM) and toluene -dried and distilled over P20 5. 
Diethyl ether, ethyl acetate and light petrol (i.e. hexanes with boiling point between 40- 60°C) 
-dried and distilled over CaCI2• 
Methanol -dried using Mg/12 
Tetrahydrofuran (THF) -dried over potassium or sodium/benzophenone. 
Other reagents: 
Triethylamine -distilled and stored over KOH pellets. 
3. Chromatography 
Column chromatography was performed using Merck Silica gel60 (0.040- 0.063 mm) flash silica. 
Preparative TLC was performed using Merck Kieselgel60 PF 254 and 366 silica (i.e. TLC silica). 
Analytic TLC was performed using Whatman ALJSILJG/UV plates. 
4. Distillations 
Kugelrohr distillation refers to short path, bulb to bulb distillation using a Buchi GKR-51 Kugelrohr 
apparatus. 
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Experimental 
Chapter2 
Section 2.1 
<al Synthesis of a-methoxyurethanes via the imine methods 
N-benzylidene-2-13.4-dimethoxyphenyllethylamjne 
MeO~~Ph 
M eO~ 
(91) 
Benzaldehyde (11.7g, 110mmol) was added at o·c to homoveratrylamine (18.1g, 100mmoQ in 
toluene {75ml). The mixture was left to stir for V.h at room temperature and was then heated under 
reflux for 3h using a Dean-Stark trap to remove H20. The mixture was filtered and the toluene was 
removed in-vacuo. The crude material was Kugelrohr distilled to give the product {91) as a yellow 
liquid, bp (Kugelrohr) 115•c /0.15mmHg (lit.149 bp. 188-9°C /19mmHg), which crystalises on cooling 
to give pale yellow crystals (24. 14g, 90%), mp 41.2- 42.1 •c. 
1H n.m.r. (250MHz)(CDCIJTMS): 
1i = 2.96 (2H, t, J = 7.2Hz), 3. 78- 3.87 (8H, m) and 6.67- 8.11 (9H, m) ppm 
13C n.m.r. (63MHz)(CDCIJTMS): 
1i = 36.97 (CH:J, 55.67 (CH:Jl, 55.85 (CH:Jl, 63.34 (CH:J, 111.16 (CH), 112.51 {CH), 120.84 (CH), 
128.00 (2x CH), 128.57 (2x CH), 130.58 (CH), 132.54 (C), 136.16 (C), 147.33 (C), 148.60 (C) and 
161.51 (CH, HC=N) ppm 
IR (film before crystallisation): 
vmax 2831.2 (OMe) and 1642.6 (C=N) cm·1 
MS: (El) 
(m/z) 91(55%), 118(79%), 151(100%) 
(M+) found 269.1409; [C17H19NOiJ+ requires 269.1416 
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N-jsobutylidene-2-13.4-dimethoxyphenyl\ethylamine 
M eO~~ 
M eO~ 
(92) 
lsobutyraldehyde (7 .2.g, 1 oommol) was added at o•c to homoveratrylamine (9. 1 g, 50mmol) dissolved 
in toluene (50ml), and stirred at room temperature for 1 V.h. More toluene (100ml) was added and the 
mixture heated under reflux for 15h, with a Dean-Stark trap to remove H20. Toluene was removed 
in-vacuo. Kugelrohr distillation of the crude, gave (92) as a yellow liquid (6.24g, 53%), bp (Kugelrohr) 
15o•ct0.1mmHg. 
1H n.m.r. (250MHz)(CDCijTMS): 
IJ = 1.01 (d, J = 6.8Hz) & 1.30(s) (6H), 2.35 (1H, m), 2.84 (2H, t, J = 7.2.), 3.58 (2H, t, J = 7.2.), 
3.84 (3H, s, OMe), 3.85 (3H, s, OMe), 6 .. 68- 6.75 (3H, m) and 7.31 - 7.43 (1H, m, HC=N) ppm 
13C n.m.r. (63MHz)(CDCijTMS): 
1J = 19.26 (CHs), 27.12 (CHs), 33.87 (CH), 36 .. 58 & 36.86 (CH~. 55.75 (CHs), 55.89 (CHs), 
60.37 & 62.81 (CH~. 111.13 & 111.30 (CH), 112.04 & 112.89 & 112.42 (CH), 120.72 & 120.93 & 
120.99 (CH), 132.55 & 132.21 (C), 147.2.9 (C), 148.64 (C) and 168.59 & 170.35 (CH, HC:N) ppm 
IR (film): 
umax 1666 (C=N) cm·1 
MS: (El) 
(m/z) 43(31%), 84(100%), 151(42%) 
(M+) found 235. 1579; [C14H21 N02]+ requires 235.1572 
N-benzylidene-2-phenylethylamine 
Benzaldehyde (11.7g, 110mmol) was added at o•c to ~-phenethylamine (12.1g, 100mmol) in toluene 
(50ml). The mixture was left to stir for Y2h at room temperature. Toluene (50ml) was added, and the 
mixture heated under reflux for 5h using a Dean-Stark trap to remove H20. The toluene was removed 
in-vacuo. The resultant liquid was Kugelrohr distilled to give the product (93) as a colourless liquid, bp 
(Kugelrohr) 115•c /0.05mmHg, which crystalises on cooling to give white crystals (18.3g, 87%), mp 
35.9- 37.1 •c (1it.1so mp. 4ooc). 
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1H n.m.r. (250MHz)(CDCIJTMS): 
1l = 3.00 (2H, t, J = 7.5), 3.84 (2H, tn), 7.14- 7.70 (1 OH, m) and 8.13 (1 H, s, HC=N) ppm 
13C n.m.r. (63MHz)(CDCIJTMS): 
1l = 37.49 (CH2), 63.14 (CH:J, 126.07 (CH), 128.01 (2x CH), 128.30 (2x CH), 128.53 (2x CH), 
128.99 (2X CH), 130.54 (CH), 136.14 (C), 139.87 (C) and 161.43 (CH, HC=N) ppm 
IR (KBr disc): 
"max 1644 (C=N) cm·1 
MS: (El) 
(m/z) 77(10%), 91(64%), 118(100%) 
(M+) found 209.1200; [C15H15N]+ requires209.1204 
N-isobutvlidene-2-phenylethylamine 
(94) 
Freshly distilled isobutyraldehyde (7.2g, 100mmol) was added to p-phenethylamine (6.1 g, 50 m mol) in 
toluene (60ml) at ooc and stirred at room temperature for 1 h. The mixture was heated under reflux for 
13h (overnight), using a Dean-Stark trap to remove H20. Toluene was removed in-vacuo. The crude 
material was Kugelrohr distilled, to give the product (94) as a very pale yellow liquid (7.71 g, 87%), bp 
(Kugelrohr) 1 00°C /0.01 mmHg. 
1H n.m.r. (250MHz)(CDCIJTMS): 
1l = 0.94- 1.30 (6H, m), 2.13(m) & 2.80(m) (1 H), 2.89 (2H, t, J = 7.3Hz), 3.59 (2H, t, J = 7.3Hz) and 
7.10-7.50 (6H, m) 
13C n.m.r. (63MHz)(CDCIJTMS): 
1l = 19.23 (CH3), 22.30 (CH~, 33.86 (CH), 36.99 & 37.13 &37.25 (CH:J, 62.58 & 62.36 & 
61.95 (CH2), 126.00 & 126.06 & 126.11 & 126.17 & 126.55 & 128.20 & 128.25 & 128.31 & 
128.36 & 128.46 & 128.58 & 128.66 & 128.70 & 128.75 & 128.79 & 128.81 & 129.08 (5x CH), 
139.63 (C) and 168.65 & 170.50 (CH, HC=N) ppm 
IR (film): 
"max 1704 (C=N) cm·1 
MS: (El) 
(m/z) 84{100%), 91 (13%), 105(49%) 
(M+) found 175.1367; [C12H17N]+ requires 175.1361 
163 
Mcvclohexanemethylidene-2-phenylethylamine 
(95) 
Cyclohexanecarboxaldehyde (6.0g, s3mmoQ was added at ooc to ~-phenethylamine (6.1g, 50mmol) 
in toluene (100ml). The mixture was left to stir for v.h at room temperature and then heated under 
reflux for 2h using a Dean-Stark trap to remove H20. The toluene was removed in-vacuo. The 
resultant liquid was Kugelrohr distilled to give the product (95) as a yellow liquid (6.25g, 79% ), bp 
(Kugelrohr) 130°C /0.05mmHg. 
1H n.m.r. (250MHz}(CDCifT'MS): 
1> = 1.10-2.10 (11 H, m), 2.87 (2H, t, J = 7.3Hz), 3.58 (2H, t, J = 7.3Hz), 7.15- 7.25 (5H, m) and 
7.28 (1 H) ppm 
13C n.m.r. (63MHz)(CDCifT'MS): 
I>= 25.42 (2x CH~, 25.99 (CH2), 29.58 (2x CH2), 37.28 (CH2, -NCH2CH2-), 43.28 {CH), 
62.73 (CH2, -NCH2CH2·), 125.97 (CH), 128.19 {2x CH), 129.06 (2x CH), 139.83 (C) and 
169.67 (CH, HC:N) ppm 
IR (film): 
"max 1666 (C=N) cm·1 
MS: (El) 
(m/z) 104(100%), 124(86%), 147(60%) 
(M+) found 215.1671; [C15H21 N]+ requires 215.1674 
N-t-pentvlidene-2-phenylethylamine 
(96) 
Trimethylacetaldehyde (Pivalaldehyde) (2.8g, 32mmol) was added at ooc to ~-phenethylamine (3.6g, 
30mmol) in toluene (1 OOml). The mixture was stirred at room temperature for V.h and then heated 
under reflux for 3h, using a Dean-Stark trap to remove H20. Toluene was removed in-vacuo to give 
(96) as a yellow, viscous liquid (5.54g, 98%). 
1H n.m.r. (250MHz)(CDCisfTMS): 
1> = 0.98 (9H, s), 2.88 (2H, t, J = 7.2 Hz), 3.60 (2H, m) and 7.13- 7.26 (6H, m) ppm 
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13C n.m.r. (63MHz)(CDCiafTMS): 
1i = 26.79 (3xCH;>), 35.84 (C), 37.27 (CH2), 62.69 (CH:J, 125.94 & 128.13 & 129.16 (5xCH), 
139.83 (C) and 172.67 (CH, HC=N) ppm 
IR (film): 
"max 1664 (C=N) cm·1 
MS: (El) 
(m/z) 41 (15%), 98(100%), 105(58%) 
(M+) found 189.1504; [C13H19N]+ requires 189.1517 
ff-methoxvcarbonyi-N-Ia-methoxy-a-phenylmethyll-2-13.4-dimethoxyphenyl\ethylamine 
MeOyY\N-lMe 
Meo~ee-\ 0 
Ph 
(97) 
Under nitrogen, methyl chloroformate (3.8g, 40.0mmol) was added at ooc to imine (91) (5.30g, 
20mmoQ, dissolved in diethyl ether (100ml). The mixture was stirred at room temperature for 15%h. 
Triethylamine (4.1 g, 40.2mmol) and then methanol (1 .6g, 50 m mol) were added at ooc. The mixture 
was stirred for 1 h at room temperature and filtered. The solvent was removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol 1:1: Rf = 0.52), followed by Kugelrohr 
distillation, yielded (97) as a pale yellow viscous liquid (5.36g, 75%), bp (Kugelrohr) >250°C 
/0.01mmHg. 
1H n.m.r. (250MHz)(COCifTMS): 
1i = 2.21 (1H, m), 2.71 (1H, m), 3.17 (2H, m), 3.44 (3H, s, OMe), 3.74- 3.84 (9H, m, 3x OMe), 6.28(s) 
& 6.41 (s) (1 H) and 6.50- 7.45 (8H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1i = 34.64 & 35.52 (CH:J, 43.66 & 44.38 (CH:J, 52.86 (CH;>), 55.40 & 55.59 & 55.75 & 
55.84 (3x CH;>), 86.80 & 86.95 (CH), 111.12 (CH), 111.89 (CH), 120.52.(CH), 126.41 (CH), 
126.73 (CH), 128.17 (CH), 128.25 (CH), 128.50 (CH), 131.98 (C), 138.42 & 138.59 (C) and 
147.36 (C), 148.73 (C) and 156.71 & 157.96 (C, C=O) ppm 
IR (film): 
"max 2828 (OMe), 1702 (C=O) cm·1 
MS: (FAB) 
(m/z) 121 (100%), 165(22%), 328(28%) 
(M+) found 359.1728; [C20H25NOsJ+ requires 359.1733 
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N-methoxycarbonyi-N-!a-methoxy-a-isoproovlmethyll-2-(3.4-dimethoxyphenyllethvlamjne 
MeOyY\N-lMe 
~A.).~ a 
(98) 
Under nitrogen, methyl chloroformate (1.5g, 15.75mmol) was added at ooc to imine (92), dissolved in 
diethyl ether (80ml). The mixture was stirred at room temperature for 8h. Triethylamine (1 .6g, 
15.75mmoQ and then methanol (0.63g, 19.75mmoQ were added at 0°C. The mixture was stirred for 
1 h at room temperature and filtered. The filtrate was washed with saturated aqueous NaHC03 and 
dried (MgSOJ. The solvent was removed in-vacuo. Column chromatography (silica gel; ethyl acetate 
: light petrol 1:1; Rf = 0.52), followed by Kugelrohr distillation, yielded (98) as a pale yellow viscous 
liquid (2.20g, 45%), bp (Kugelrohr) 200°C /0.05mmHg. 
1 H n.m.r. (250MHz)(CDCI:JTMS): 
li = 0.82 (3H, t, J = 6.4Hz), 1.05 (3H, t, J = 6. 1Hz), 1.90 (1H, m), 2.85 (2H, m), 
3.24(s) & 3.28(s) (3H, OMe), 3.40 (2H, m), 3.77{s) & 3.81 (s) & 3.86(s) & 3.87(s) & 3.89(s) & 
3.97(s) (9H, 3x OM e), 4.66 (d, J = 9.5Hz) & 4.88 (d, J = 9.6Hz) (1 H) and 6.73 • 6.83 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCI:JTMS): 
li = 18.07 & 18.17 (CHJl, 19.23 (CHJl, 31.37 & 31.53 (CH) & 35.07 & 36.1 0 (CH2), 43.14 & 
43.76 (CH:0, 52.52 &52.71 (CHJl, 55.81 &55.89 & 55.93 & 55.99 (3x CHJl, 93.22 & 93.47 (CH), 
111.31 & 111.38 (CH), 112.05 (CH), 120.65 & 120.75 (CH), 132.16 & 132.31 (C), 147.60 (C), 
148.94 (C) and 156.92 & 158.08 (C, C=O) ppm 
IR (film): 
umax 2832 (OMe) and 1702 (C=O) cm·1 
MS: (El) 
(m/z) 87(100%), 164(22%), 165(24%) 
(M+) found 325. 1882; [C17H27NOsJ+ requires 325.1889 
N-methoxycarbonyi-N-!a-methoxy-a-phenylmethyll·2·phenylethylamine 
(99) 
Methyl chloroformate (1.6g, 16.9mmol) was added to the imine (93) (3.60g, 17.2mmol) dissolved in 
dry diethyl ether (80mQ under nitrogen at ooc. The mixture was stirred at room temperature for 12'12h. 
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Triethylamine (1.7g, 15.7 m mol) and then methanol (0.8g, 25.0mmol) were added at o·c. The mixture 
was stirred at room temperature for 1 h and filtered. The filtrate was washed with NaHC03 and dried 
(MgSO,J. Diethyl ether was removed in-vacuo. Column chromatography (silica gel; ethyl acetate : 
light petrol1 :1; Rf = 0.62), gave (99) as a pale yellow liquid (4.16g, 83%). 
1H n.m.r. (250MHz)(CDCIJTMS): 
b = 2.28 (1H, m), 2.75 (1H, m), 3.20 (2H, m), 3.44 (3H, s, OMe), 3.84 (3H, s, OMe), 6.28(s) & 
6.49(s) (1H) and 6.76 • 7.37 (10H, m) ppm 
13C n.m.r. (63MHz)(CDCIJTMS): 
b = 35.04 & 35.97 (CH:z), 43.48 & 44.18 (CH2), 52.81 (CHa), 55.57 (CHa), 86.84 (CH), 126.10 (CH), 
126.35 (CH), 126.75 (CH), 127.72 (CH), 127.92 (CH), 128.17 (CH), 128.27 (CH), 
128.30 (CH), 128.63 (CH), 138.59 (C), 139.36 (C) and 157.93 (C, C=O) ppm 
IR (film): 
umax 2828 (OMe), 1702 (C=O) cm·1 
MS: (El) 
(m/z) 91(16%), 121(100%), 208(11%) 
(M+) found 299.1501; [C18H21 N03J+ requires 299.1521 
N-methoxycarbonyi-N-Ia-methoxy-a-isopropylmethyll-2-phenylethylamine 
W OMe N~ -(o 
MeO r-
(100) 
Methyl chloroform ate (1.5g, 15. 75mmoQ was added to the imine (94) dissolved in dry diethyl ether 
(80ml) under nitrogen at o•c. The mixture was stirred at room temperature for 3V.h. Triethylamine 
(1.6g, 15.75 mmol), then methanol (0.8g, 25.0mmol) were added at o•c. The mixture was stirred at 
room temperature for 2h and filtered. The filtrate was washed with NaHC03 , dried (MgSO.J. Diethyl 
ether was removed in-vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1 :1; 
Rf = 0.57), followed by Kugelrohr distillation gave (100) as a pale yellow liquid (3.01 g, 76%), bp 
(Kugelrohr? 15o•c /0.05mmHg. 
1H n.m.r. (250MHz)(CDCiafTMS): 
b = 0.82 (3H, m), 1.04 (3H, m), 1.88 (1 H, m), 2.92 (2H, m), 3.22(s) & 3.26(s) (3H, OMe), 
3.36 (2H, m), 3.75(s) & 3.79(s) (3H, OMe), 4.65 (d, J = 9.5Hz) & 4.88 (d, J = 9.6Hz) (1H) and 
7.16- 7.32 (SH, m) ppm 
13C n.m.r. (63MHz)(CDCiafTMS): 
b = 16.08 & 16.18 & 19.22 (2x CHa), 31.37 & 31.53 (CH), 35.43 & 36.50 (CH2), 42.99 & 43.57 (CH2), 
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52.48 & 52.64 (CH:)), 55.75 & 55.94 (CH:)), 93.23 & 93.48 (CH), 126.22 & 126.32 & 126.47 & 
128.50 & 128.60 & 128.73 & 128.88 (5xCH), 139.52& 139.69 (C) and 157.04 & 
157.86 (C, C=O) ppm 
IR (film): 
"max 1704 (C=O} cm·1 
MS: (El) 
(m/z} 87{100%), 105(44%), 222(44%) 
(M+) not detected 
(FAB) 
(m/z) 87{98%), 105(49%), 234(100%) 
([M+HJ+) 266.1779; [C15H24NOaJ+ requires 266.1756 
N-methoxycarbonyi-N-Ia-methoxy-a-cyclohexylmethyD-2-phenylethylamine 
N-< CO OMe ~0 
Me u 
(101) 
Under nitrogen, methyl chloroformate (1.5g, 15.8mmol} was added at 0°C to the imine (95) (3.2g, 
15mmol), dissolved in diethyl ether (80mQ. The mixture was stirred for 3h at room temperature. At 
ooc, triethylamine (1.6g, 15.8mmol) and then dry methanol (0.8g, 25mmoQ were added. The mixture 
was stirred at room temperature for 'hh. The wMe precipitate of triethylamine hydrochloride was 
removed by Mration. The filtrate was washed with saturated aqueous NaHC03 {2X 30mQ and dried 
(MgSO~. The solvents were removed in-vacuo. Column chromatography (silica gel; ethyl 
acetate: light petrol1 :1 eluent; Rf = 0.71) on the crude, followed by Kugelrohr distillation, gave (101) 
as a viscous pale yellow liquid (3.09g, 68%), bp (Kugelrohr) 130°0/0.1 mmHg. 
' .. 
1H n.m.r. (250MHz)(CDCiafTMS): 
6 = 0.96- 2.03 (11 H, m), 3.20 (4H, m), 3.20(s) & 3.21 (s) (3H. OMe),' 3. 79(s) & 3.83(s) (3H, OMe), 
4.70 & 4.74 & 4.93 & 4.97 (1H) and 7.18-7.33 (5H, m) ppm 
t3c n.m.r. (63MHz)(CDCiafTMS): 
6 = 25.64 & 26.27 (aCH2}, 28.11 & 28.24 (bCH~. 29.61 & 29.70 (cCH~ (where a+ b +0 =5), 
35.45 & 36.52 (CH20 -NCH2CHz-), 40.48 & 40.63 (CH), 43.09 & 43.66 (CH2, -NCH2CH2-), 
52.50 & 52.67 (CH:Jl, 55.74 & 55.94 (CH:Jl, 92.05 & 92.25 (CH}, 126.22 & 126.34 & 128.46 & 
128.51 & 128.76 & 128.91 ( 5x CHs}, 139.55 & 139.72 (C) and 157.07 & 157.83 (C, C=O) ppm 
IR (film): 
"max 1706 (C=O)cm·1 
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MS: (FAB) 
(m/z) 95(74%), 105(54%), 274(100%) 
([M+H]+) found 306.2062; [C18H28NOiJ+ requires 306.2069 
N-methoxvcarbonyi-N-Ia-methoxv-a-t-butylmethy!l-2-phenylethylamine 
(102) 
Under nitrogen, methanol (0.15ml, 3.70mmol) and dimethyl dicarbonate (2.4g, 18mmoQ were added 
to the imine (96) at 0°C. The mixture was refluxed for 22V.h. Methanol was removed in-vacuo, and 
the crude material was eluted through a pad of TLC silica with ethyl acetate. The material obtained 
was dissolved in OCM (30mQ. The solution was washed with dilute acetic acid (0.87M, 2x 40mQ, then 
with saturated aqueous NaHC03 (60ml) and dried (MgS04). DCM was removed in-vacuo. Column 
chromatography on the crude material (silica gel; ethyl acetate: light petrol 1:1 eluent; Rf " 0.64), 
followed by Kugelrohr distillation, gave (102) as a colourless liquid (1.08g, 26%), bp (Kugelrohr) 
115°C /0.3mmHg. 
1H n.m.r. (250MHz)(COC11fMS): 
6 = 1.00 (9H, s), 2.93 (2H, m), 3.27(s) & 3.29(s) (3H, OMe), 3.38 (2H, m), 3.77(s) & 
3.81(s) (3H, OMe), 4.76(s) & 4.98(s) (1H) and 7.22-7.31 (5H, m) ppm 
13C n.m.r. (63MHz)(COCIIfMS): 
6 "25.12 (3x CHa), 34.94 (C), 36.20 & 37.00 (CH2), 43.78 & 44.45 (CH~, 52.38 & 52.60 (CHa), 
56.93 & 57.04 (CHa), 94.08 & 94.21 (CH), 126.20& 126.30 & 126.51 & 128.51 & 128.63 & 128.72 
& 128.78 & 128.88 (5x CH), 139.65 & 139.84 (C) and 157.35 & 158.10 (C, c,o) ppm 
IR (film): 
"max 2824 (OMe), 1704 (C=O)cm·1 
MS: (El) 
(m/z) 101(68%}, 105(81%), 222(100%) 
M+ not detected 
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(bl Synthesis of a-methoxvurethanes via the 'aza-anion' method 
N·methoxvcarbonyl-2-13.4-dimethoxyphenyllethylamine 
(104) 
Methylchloroformate (9.9g, 105mmol} was added to homoveratrylamine (18.1g, 100mmol} in DCM 
(60ml) under nitrogen at O'C in the presence of anhydrous N~C03 (15.9g, 150mmol}. The mixture 
was stirred at room temperature for 17h and filtered. The filtrate was eluted through a pad of TLC 
grade silica with ethyl acetate and Kugelrohr distilled. The distillate (Kugelrohr bp 155'C/0.15mmHg) 
solidified and was recrystalised (ethyl acetate/light petrol mixture) to give (104) as colourless crystals 
(21.7g, 91%), mp 68.2-69.4'C. 
1H n.m.r. (250MHz)(CDCI:IfMS): 
1i "'2.75 (2H, t, J "'7.0Hz), 3.40 (2H, q), 3.58 (3H, s, OMe), 3.86 (3H, s, OMe), 3.87 (3H, s, OMe), 
4.76 (1H, s, NH) and 6.71·6.83 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCI:IfMS): 
li"' 35.73 (CH2), 42.40 (CH2), 51.95 (CH:J, 55.84 (CH:J, 55.88 (CH:J, 111.41 (CH), 111.99 (CH), 
120.70 (CH), 131.42 (C), 147.65 (C), 148.99 (C) and 157.11 (C, C=O) ppm 
IR (KBr disc): 
umax 3316 (NH), 2836 (OMe), 1719 (C=O)cm·1 
MS: (El} 
(m/z) 151(100%), 164(77%), 239(26%) 
(M+) found 239.1171; [C12H17NO,J+ requires 239.1158 
N-methoxycarbonyl-2-phenylethylamine 
(105) 
Methylchloroformate (9.5g, 1 oommol) was added to ~-phenethylamine (12.1 g, 1 oommol) in DCM 
(130ml) under nitrogen at O'C in the presence of anhydrous N~C03 (20g, 189mmol). The mixture 
was stirred at room temperature for 24h and filtered. The filtrate was washed with saturated aqueous 
NaHC03 and dried over MgS04. DCM was removed in-vacuo. The crude material was.eluted through 
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a pad of TLC grade silica gel with ethyl acetate. Kugelrohr distillation gave (105) as a colourless liquid 
(13.6g, 76%), bp (Kugelrohr) 95°C /0.05mmHg (lit.151 bp 161 oc /1 ommHg). 
1H n.m.r. (250MHz)(CDCiafTMS): 
1i = 2.81 (2H, t, J = 7.0Hz), 3.43 (2H, q), 3.65 (3H, s, OM e), 4.75 (1 H, s, NH) and 
7.20-7.28 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCiafTMS): 
1i = 36.16 (CH:J, 42.25 (CH:J, 51.98 (CH~. 126.46 (CH), 128.59 (2xCH), 128.77 (2xCH), 138.85 (C) 
and 157.08 (C, C=O) ppm 
IR (film): 
umax 3334 (NH), 1723 (C=O)cm·1 
MS: (El) 
(m/z) 88(100%), 91 (32%), 104(41%) 
(M+) found 179.089; [C10H13NOiJ+ requires 179.095 
a-Chloro-a-methoxy toluene75 
Under nitrogen, freshly distilled acetyl chloride (7.8ml, 11 OmmoQ was added to benzaldehyde 
dimethyl acetal (15.2g, 1 OOmmoQ at ooc. The mixture was stirred at 48 - 53°C for 1 Y.h. The mixture 
was then stirred at room temperature under nitrogen overnight. Excess acetyl chloride and the 
by-product, methyl acetate, were removed in-vacuo with a water aspirator (-10mmHg). The residue 
was fractionally distilled to give (106) as a colourless liquid (9.84g), -90% pure, bp 44 - 48°C 
/0.2mmHg. 
1H n.m.r. (360MHz)(CDCiafTMS): 
li = 3.71 (3H, MeO), 6.48 (1H, s) and 7.34-7.56 (5H, m) ppm. 
N-methoxvcarbonvi-N-Ia-methoxy-a-phenylmethyll-2-13.4-dimethoxyphenyllethylamine 
MeO~N-lMe 
MeOJ..,..}MeO--< 0 
Ph 
(97) 
n-Butyllithium (2.05M in hexanes) (5.4ml, 11mmoQ was added at -78°C to (104) (2.39g, 10mmoQ 
dissolved in THF and under nitrogen. a-Chloro'a-methoxytoluene (106) (1.9g, 12mmoQ was added 
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dropwise at room temperature. The mixture was stirred for 5h at room temperature before being 
quenched with saturated aqueous NaHC03 (10ml). The mixture was extracted with DCM (3x30mQ. 
The organic extracts were dried (MgS04) and solvents removed in-vacuo. Column chromatography 
(silica gel; ethyl acetate: light petrol1:1 eluent; Rf = 0.56) gave (97) as a yellow oil {2.2g, 61%}. 
N-methoxycarbonyi-N-Ca.-methoxy-a.-phenylmethyll-2-phenylethylamine 
OJN-{.OMe I o M eO\ 
Ph 
(99) 
n-Butylltthium (2.2M in hexanes)(4.9 ml, 11 mmoQ was added at -78°C to a solution (105) (1. 79g, 
10mmoQ in THF. The mixture was raised to room temperature. a-chloro-a-methoxy1oluene (106) 
(1.9g, 12mmoQ was then added dropwise at ooc. The mixture was stirred at room temperature for 2h. 
The reaction was quenched by saturated aqueous NaHC03 (30ml) and the mixture was extracted 
with DCM (3x30ml). The organic extracts were combined and dried (MgSO~. DCM was removed 
in-vacuo. Column chromatograhy (silica gel; ethyl acetate:light petrol 1:1 eluent; Rf = 0.69) followed 
by Kugelrohr distillation, give (99) as a pale yellow, viscous liquid, bp (Kugelrohr) 147°C /0.05mmHg 
(1.89g, 63%). 
Cyclohexanecarboxyaldehyde dimethyl acetal 
Q-<OMe OMe 
Cyclohexanecarboxaldehyde (15.og, 134mmol) was added slowly at ooc to pTSA monohydrate (0.1g, 
0.5mmol) in methanol (120mQ. The mixture was stirred at room temperature for 5% days. Anhydrous 
~C03 was added and excess methanol removed in-vacuo .(-10mmHg, water aspirator). Saturated 
aqueous NaHC03 (20mQ was added, and the mixture was extracted with DCM (3x30ml). The organic 
layers were dried (~COa), and DCM was removed invacuo to leave the product -a colourless liquid 
(17.18g, 70%). 
1H n.m.r. (250MHz)(CDCiafTMS): 
1\ = 0.85- 1.90 (11 H, m), 3.33 (6H, s) and 3.99 (1 H, d, J = 7.1) ppm 
13C n.m.r. (63MHz)(CDCiafTMS): 
1\ = 25.87 (2xCH2), 26.49 (CH2), 28.11(2xCH2), 40.13 (CH), 53.50 (2xCHa) and 108.61 (CH) ppm 
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Sectjon 2.2 
The cyc!isation of the a-methoxyurethane precursors 
1-phenyl-2-methoxycarbonyl-6.7-dimethoxy-1 .2.3.4-tetrahydrojsoguinoline 
MeO'('(l 
MeO~YOMe 
Ph 0 
(112) 
Under nitrogen, !MSC! (0. 15ml, 1. 18mmol) was added at O'C to a-methoxyurethane (97) (0.36g, 
1 m mol) in acetonitrile (8ml). The mixture was stirred at room temperature for 27h and quenched at 
O'C with saturated aqueous NaHC03 (1 Oml). The mixture was extracted with DCM (3x 30mQ. The 
organic layers were dried (MgS04), and solvents were removed in-vacuo. The resutting solid was 
recrystalised (ethyl acetate : light petrol1 : 3), to give (112) as white crystals (0.23g, 70%), mp 99.5 -
100.0'C. 
Under nitrogen, TMSOTf (0.25ml, 1 .29mmol) was added to (97) (0.36g, 1 mm mol) dissolved in 
acetonitrile (8ml) at O'C. The mixture was stirred at room temperature for 34h. Saturated aqueous 
NaHC03 (30ml) was added at O'C and the mixture extracted with DCM (3x 30mQ. The DCM layers 
were combined and dried (MgSO.J. Solvents were removed in-vacuo. Column chromatography (silica 
gel; ethyl acetate : light petrol 1:1; RI = 0.52) yielded (112) as a colourless, viscous liquid (0.303g, 
93%). 
Under nitrogen, TiCI4 (0. 15ml, 1 .37mmol) was added to (97) (0.36g, 1 mm mol) dissolved in DCM 
(8ml) at -78'C. The mixture was stirred at -78'C and then at room temperature for 22%h. Saturated 
aqueous NaHC03 (30mQ was added at O'C and the mixture extracted with DCM (4x 30mQ. The DCM 
layers were combined and dried (MgS04). Solvents were removed in-vacuo. Column chromatography 
( silica gel; ethyl acetate : light petrol 1:1; Rf = 0.52) yielded (112) as a colourless, viscous liquid 
(0.320g, 98%). 
1H n.m.r. (250MHz)(CDC!afTMS): 
1i = 2.85 (1H, m), 3.00 (2H, m), 3.74 (3H, s, OMe), 3.76 (3H, s, OMe), 3.88 (3H, s, OMe), 
4.01 (1 H, m), 6.25 (broads) & 6.39 (broads) (1 H), 6.49 (1 H, s), 6.67 (1 H, s) and 
7.26 (5H, s) ppm 
13C n.m.r. (63MHz)(CDC!afTMS): ' 
1i = 27.98 (CH~. 37.66 (CH2), 52.73 (CHaJ, 55.88 (CHaJ, 55.94 (CHa), 57.20 (CH), 111.00 (CH), 
111 .24 (CH), 126.81 & 127.03 (C), 127.44 & 127.67 & 127.97 & 128.23 & 128.54 ( 1 x C, 5x CH), 
142.54 (C), 147.43 (C), 148.04 (C) and 155.95 (C, C=O) ppm 
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IR (KBr disc): 
umax 2832 (OMe), 1700 (C;Q) cm·1 
MS: (El) 
(m/z) 69(18%), 250(100%), 327(35%) 
(M+) found 327.1474; [C19H21 NO.J+ requires 327.1471 
Microanalysis: 
Found C(69.73%), H(6.67%), N(4.44%); C19H21 N04 requires C(69.71%), H(6.47%), N(4.28%) 
1-Phenyl-2-methoxycarbonyl-1.2.3.4-tetrahydroisoguinoline 
Under nitrogen, TMSOTf (0.40ml, 2.07mmol) was added carefully to (99) (0.60g, 2mmol) in 
acetonitrile (8ml) under nitrogen at ooc. The mixture was stirred for 91 h at room temperature and 
then quenched with saturated aqueous NaHC03 (15ml). The mixture was extracted with DCM 
(3x30ml). The organic layers were dried (MgSO~ and the solvents removed invacuo to leave (113) as 
a colourless, viscous liquid (0.53g, 99% ). 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to (99) (0.30g, 1mmol) dissolved in DCM (8ml) 
at -78°C. The mixture was stirred at -78°C for 5m and then at room temperature for 24h. Saturated 
aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (4x 30ml). The DCM 
layers were combined and dried (MgSO~. DCM was removed in-vacuo. Column chromatography 
(silica gel; ethyl acetate : light petrol 1 :2; Rf ; 0.46) yielded (113) as a colourless, viscous liquid 
(0.250g, 100%). 
(The yield recorded above is an improvement on an earlier one below, which was published: 
Under nitrogen, TiC14 (0.15ml, 1.37mmol) was added to (99) (0.30g, 1mmol) dissolved in 
DCM (8ml) at -78°C. The mixture was stirred at -78°C for 1Y2h and then at room temperature for 
49'hh. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM 
(3x 30ml). The DCM layers were combined and dried (MgSO~. DCM was removed in-vacuo. The 
crude material was passed through a pad of TLC grade silica gel {eluent: ethyl acetate}. Distillation 
(Kugelrohr) gave (113) as a colourless, viscous liquid {0.25g, 76% ). 
1H n.m.r. (250MHz)(CDCifTMS): 
6; 2.76 (1H, m), 2.97 (1H, m), 3.24 (1H, m), 3.76 (3H, s), 4.04 (1H, broads), 6.42 (1H, broad d) and 
7;03- 7.38 (9H, m) ppm 
174 
13C n.m.r. (63MHz)(CDCI:IfMS): 
1i = 28.35 (CH2l, 38.10 (CH2l, 52.74 (CH3), 57.67 (CH), 126.09 & 127.00 & 127.37 & 128.24 & 
128.34 & 128.49 & 128.87 (9x CHs), 134.97 (C), 135.29 (C), 142.52 (C) 
and 156.00 (C, C=O) ppm 
IR (film): 
"max 1704 (C=O) cm·1 
MS: (El) 
(m/z) 51(26%), 190(100%), 267(34%) 
(M+) found 267.1253; [C17H17N02]+ requires 267.1259 
1-lsopropyl-2-methoxvcarbonyl-6.7 -dimethoxy-1.2.3.4-tetrahydroisoguinoli ne 
M eO 
M eO 
(116) 
Under argon, TMSCI (0.15ml, 1.2mmol) was added to (98) (0.33g, 1mmmol) dissolved in acetonitrile 
(8ml) at o•c. The mixture was stirred at room temperature for 11V2h. Saturated aqueous NaHC03 
(30ml) was added at o·c and the mixture extracted with DCM {3x 40ml). The DCM layers were 
combined and dried (MgSO~. Solvents were removed in-vacuo. Column chromatography (silica gel; 
ethyl acetate: light petrol1:1; Rf = 0.45), followed by Kugelrohr distillation, gave (116) as a pale 
yellow viscous liquid (0.26g, 89%), Kugelrohr bp 15o•c /0.1 mmHg. 
Under nitrogen, TMSOTf (0.20ml, 1.2mmol) was added to (98) (0.33g, 1 mmmol) dissolved in 
acetonitrile (8ml) at o•c. The mixture was stirred at room temperature for 87h. Saturated aqueous 
NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 40ml). The DCM layers 
were combined and dried (MgSO~. Solvents were removed in-vacuo. Column chromatography (silica 
gel; ethyl acetate : light petrol1 :1; Rf = 0.45) gave (116) as a P.ale yellow viscous liquid (0.21 g, 72%). 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to (98) (0.33g, ·1 mm mol) dissolved in DCM (8ml) 
at -7a•c. The mixture was stirred at -7a•c for 1 h and then room temperature for 44V.h. Saturated 
aqueous NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 40ml). The DCM 
layers were combined and dried (MgS04). Solvents were removed in-vacuo. Column chromatography 
(silica gel; ethyl acetate: light petrol1 :1; Rf = 0.45), followed by Kugelrohr distillation, gave (116) as a 
pale yellow viscous liquid (0.24g, 82%), Kugelrohr bp 2oo•c /0.2mmHg. 
1H n.m.r. (250MHz)(CDCI:IfMS): 
1i = 0.97 (6H, m), 2.04 (1H, m), 2.84 (2H, m), 3.71 (3H, s, OMe), 3.80 (2H, m), 3.88 (6H, s), 
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4.67 (d, J = 8.3Hz) & 4.81 (d, J = 8.4Hz) (1 H) and 6.62- 6.65 (2H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1l = 19.71 & 19.76 (CHJl, 20.30 & 20.41 (CHJl, 27.28 & 27.55 (CH2), 33.96 (CH), 
39.15 & 39.72 (CH~. 52.47 & 52.59 (CHJl, 55.87 & 56.01 (2x CH3), 60.32 & 60.44 (CH), 
111.22 & 111.34 & 111.50 & 111.57 (2x CH), 126.29 & 126.53 (C), 128.73 & 129.21 (C), 
146.73 (C), 147.74 & 147.85 (C) and 156.54 & 156.73 (C, C=O) ppm 
IR (film): 
"max 1690 (C=O)cm-1 
MS: (El) 
(m!z) 43(3%), 190(7%), 250(100%) 
(M+) not detected 
1-lsopropyl-2-methoxycarbonyl-1.2.3.4-tetrahydroisoguinoline 
(117) 
Under nitrogen, TiC14 (0.15ml, 1.37mmol) was added to (100) (0.27g, immol) dissolved in DCM (8ml) 
at -78°C. The mixture was stirred for 1'hh at -78•C, and then at room temperature for 44h. Saturated 
aqueous NaHC03 (30ml) was then added at o•c and the mixture extracted with DCM (4x 40mQ. The 
organic layers were dried (MgSO.J and DCM removed in-vacuo. Kugelrohr distillation of the crude 
material gave (117) as a liquid (0.21g, 90%), bp (Kugelrohr) 115•c /0.05mmHg. 
fH n.m.r. (250MHz)(CDCifTMS): 
1i = 0.96 (d, J = 6.7Hz) & 1.00 (d, J = 6.8Hz) (6H), 2.02 (1H, m), 2.88 (2H, m), 3.70 (3H, s, OMe), 
3.63 (2H, m), 4.69 (d, J = 8.6Hz) & 4.85 (d, J = 8.7Hz) (1H) and 7.07-7.26 (4H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1i = 19.72 & 19.76 & 20.22 & 20.32 (2x CHJ>, 27.56 & 27.89 (CH2), 33.78 & 33.85 (CH), 39.43 & 
40.02 (CH2), 52.46 & 52.58 (CHJ>, 60.90 & 60.96 (CH), 125.45 & 125.60 & 126.76 & 126.86 & 
127.86 & 128.14 & 128.32 & 128.57 & 128.76 (4x CH), 134.34 & 134.45 (C), 136.83 & 137.17 (C) 
and 156.62 & 156.92 (C, C=O) ppm 
IR (film): 
"max 1100 (C=O)cm-1 
MS: (El) 
(m/z) 130(12%), 190(100%), 191(15%) 
M+ not detected 
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1-cyclohexvl-2-methoxyca rbonyl-1 .2.3.4-tetrahydroisogui no I ine 
(118) 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to (101) (0.31g, 1mmoQ, dissolved in DCM 
(8ml) at -9o•c. The mixture was stirred for 1%h at -9o•c, and then at room temperature for 46.5h. 
Saturated aqueous NaHC03 (15ml) was then added at o•c and the mixture extracted with DCM 
(4x 30mQ. The organic layers were dried (MgSO,.) and DCM removed in-vacuo. The crude material 
was eluted through a pad of TLC grade silica gel with ethyl acetate. Kugelrohr distillation gave (118) 
as a viscous, yellow liquid (0.24g, 89%), bp (Kugelrohr) 165•C /0.05mmHg. 
1H n.m.r. (250MHz)(CDCI:/TMS): 
1\ = 1.08(m) & 1.70(m) (11 H), 2.92 (2H, m), 3.40- 4.20 (2H, m), 3. 70 (3H, s, OM e), 
4.71 (d, J = 8.9Hz) & 4.87 (d, J = 8.9Hz) (1 H) and 7.03- 7.25 (4H, m) ppm 
13C n.m.r. (63MHz)(CDCI:/TMS): 
1\ = 26.23 & 26.28 & 26.39 (aCH2), 27.52 & 27.85 (CH2, -NCH2CH2), 29.82 & 29.88 (bCH2), 
30.63 & 30.7 4 ( cCH2) (where a + b + c = 5), 39.38 & 40. 12 (CH2, -NCH2CH~, 
43.04 & 43.18 (CH), 52.45 & 52.57 (CHs), 60.17 & 60.30 (CH), 125.29 & 125.48 (CH), 126.75 & 
126.84 (CH), 128.03 & 128.29 (CH), 128.77 (CH), 134.36 & 134.45 (C), 136.62 & 137.02 (C) and 
156.92 & 156.92 (C, C=O) ppm 
IR (film): 
"max 1704 (C=O)cm-1 
MS: (El) 
(m/z) 41(8%), 130(9%), 190(100%) 
(M+) found 273.1714; [C17H23NO:J+ requires 273.1729 
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1-t-Butvl-2-methoxvcarbonyl-1 .2.3.4-tetrahydroisoguinoline 
(119) 
Under nitrogen, TiCI4 (0. 15ml, 1 .37mmol) was added to a-methoxyurethane (102) (0.28g, 1 m mol), 
dissolved in DCM (8ml) at -78•C. The mixture was stirred for :Y..h at -78•C, and then at room 
temperature for 72%h. Saturated aqueous NaHC03 (25ml) was added at o•c and the mixture 
extracted with DCM (4x 30ml). The organic layers were dried (MgS04) and DCM removed in-vacuo. 
Column chromatography (silica gel; DCM with 1% v/v ethyl acetate; Rf = 0.30), followed by Kugelrohr 
distillation, gave (119) as a colourless viscous liquid (0. 18g, 73%), Kugelrohr bp 12o•c /0.1mmHg. 
1 H n.m.r. (250MHz)(CDCI:!fMS): 
ll = 0.99 (9H, m), 2.96 (2H, m), 3.70 (3H, s, OMe), 3.90 (2H, m) and 7.13-7.21 (4H, m) ppm 
13C n.m.r. (63MHz)(CDCI:IfMS): 
ll = 27.08 & 27.58 (CH2), 28.50 & 28.62 (3x CHa), 38.04 & 38.20 (C), 39.66 & 40.34 (CH2), 52.50 & 
52.67 (CHa), 62.57 & 62.84 (CH), 125.17 & 125.29 (CH), 126.81 & 128.95(CH), 128.34 & 
128.45 (CH), 134.39 & 134.46 (C), 135.44 & 135.82 (C) and 156.82 & 157.40 (C, C=O)) ppm 
IR (film): 
umax 1702 (C=O)cm·1 
MS: (El) 
(m/z) 130(11%), 190(100%), 191(16%) 
(M+) found 247.1552; [C15H21 N02J+ requires247.1572 
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Section 2.3 
The use of halide scavengers 
An example of the attempt to use of AgBF 4 as a halide scavenger 
Under nitrogen, TMSCI (0.15ml, 1.20mmol) was added to a-methoxyurethane (99) (0.30g, 1mmoQ 
dissolved in DCM (Bml) at o•c. The mixture was stirred at o•c for 5m and then at room temperature. 
The reaction was monitored by TLC (Silica TLC plates; eluent: ethyl acetate : light petrol 1 :3). After 
2h, the starting material (99) had totally disappeared and AgBF 4 (0,29g, 1.5mmol) was then added at 
o•c and the mixture stirred at room temperature. The reaction was monitored again by TLC (Silica 
TLC plates; eluent: ethyl acetate : light petrol 1 :3). Even after 44h and a further addition of AgBF 4 
(0,29g, 1.5mmol), no required product (113) could be detected. 
The use of TiCI 4 as a halide scavenger 
Under nitrogen, TMSCI (0.20ml, 1.58mmo1L was added to a-methoxyurethane (99) (0.30g, 1 m mol) 
dissolved in DCM (Bml) at o•c. The mixture was stirred at o•c for 5m and then at room temperature. 
The reaction was monitored by TLC (Silica TLC plates; eluent: ethyl acetate : light petrol 1 :5). After 
3'hh, TLC analysis showed that (99) was still present. More TMSCI (0.15ml, 1.1Bmmol) was added 
and the mixture was stirred at room temperature for a further 27h. TLC analysis showed no trace of 
(99). TiCI4 (0.15ml, 1.37mmol) was added at -9o•c. The mixture was stirred at room temperature for 
a further 20h. More TiCI4 (0.20ml, 1.82mmol) was added at -9o•c, and the mixture stirred for a 
further 17h at room temperature. Saturated aqueous NaHC03 (30ml) was added at o•c. The mixture 
was extracted with DCM (3x 30mQ. The DCM layers were combined and dried (MgSO.J. DCM was 
removed in-vacuo. Column chromatography ( silica gel; ethyl acetate : light petrol 1 :5; Rf = 0.33) 
yielded (113) as a colourless viscous liquid (0.191g, 71%). 
The role of protic acid in the cyclisation reaction 
Preparation of HCI/DCM solutions 
HCI gas (generated from the addition of conc.H2S04 to NH4CI and dried by passing through 
conc.H2SO.J was passed slowly through a volume of DCM for a number of hours. The concentration 
of HCI in the resulting solution was found by extracting a volume with deionised H20, and titrating the 
aqueous extracts with NaOH, using methyl red indicator. 
Reactions of a-methoxyurethanes with protic acjds 
Under nitrogen, HCI!DCM (0.15M) (Bml, 1.2mmol of HCI) was added to a-methoxyurethane (97) 
(0.36, 1 m mol) dissolved in DCM (2.5ml) at o•c. The mixture was stirred at o•c for 1 Om, then at room 
179 
temperature for 24h. Saturated aqueous NaHC03 (30ml) was added and the mixture extracted with 
DCM (3x 30ml). The DCM layers were combined and dried (MgS04). DCM was removed in-vacuo. 
Column chromatography ( silica gel; ethyl acetate : light petrol 1:1; Rf = 0.50) gave (112) as a 
colourless viscous liquid (0.251g, 77%). 
The attempted reaction of HCI/DCM (0.15M) (Bml, 1.2mmol of HCI) to a-methoxyurethane (99) (0.36, 
1 mmoQ was carried out in the same way as above. No product (113) could be isolated. 
Under nitrogen, TfOH (0.15ml, 1.70mmol) was added to a-methoxyurethane (97) (0.36, 1mmol) 
dissolved in DCM (Bml) at ooc. The mixture was stirred at ooc for 1 om, then at room temperature for 
24'hh. Saturated aqueous NaHC03 (30ml) was added and the mixture extracted with DCM (3x 30ml). 
The DCM layers were combined and dried (MgS04). DCM was removed in-vacuo. Column 
chromatography ( silica gel; ethyl acetate : light petrol 1:1; Rf = 0.53) gave (112) as a colourless 
viscous liquid (0.298g, 91 %). 
Under nitrogen, TfOH (0.15ml, 1.70mmol) was added to a-methoxyurethane (99) (0.30, 1 mmoQ 
dissolved in DCM (Bml) at ooc. The mixture was stirred at ooc for 1 Om, then at room temperature for 
24'hh. Saturated aqueous NaHC03 (30ml) was added and the mixture extracted with DCM (3x 30mQ. 
The DCM layers were combined and dried (MgS04). DCM was removed in-vacuo. Column 
chromatography ( silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.52) gave (113) as a colourless 
viscous liquid (0.066g, 25%). 
An example of the use of BTMSA as a proton scavenger 
Under nitrogen, BTMSA (0.24g, 1.1Bmmol) in acetonnrile (4ml) was added to a-methoxyurethane (99) 
(0.30g, 1 m mol) dissolved in acetonitrile (4ml) at ooc. TMSOTf (0.25ml, 1.29mmol was added ooc and 
the mixture stirred at ooc for 5m. The mixture was then stirred at room temperature for 23%h. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). 
The DCM layers were combined and dried (MgSO<j), and the DCM were removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol 1 :3; Rf. = 0.52) to give (113) as a colourless, 
viscous liquid (0.253g, 95%). 
The use of Na2~ as a proton scavenger 
Under nitrogen, TMSOTf (0.25ml, 1.29mmol) was added to a-methoxyurethane (97) (0.36g, 1 mm mol) 
dissolved in acetonitrile (Bml) in the presence of anhydrous N~C03 (1.5g, 14.15mmoO ooc. The 
mixture was stirred at room temperature for 24h. Saturated aqueous NaHC03 (30ml) was added at 
ooc and the mixture extracted with DCM (3x 30ml). The DCM layers were combined and dried 
(MgS04), and the DCM were removed in-vacuo. Column chromatography (silica gel; ethyl acetate : 
light petrol1 :1; Rf = 0.57) yielded (112), -a colourless, viscous liquid (0.310g, 95%). 
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The attempted reaction of TMSOTI (0.25ml, 1.29mmol) to a-methoxyurethane (99) (0.36, 1 m mol) in 
the presence of anhydrous N<3:!C03 was carried out in the same fashion as above. No product (113) 
could be isolated, only secondary urethane (105) and benzaldehyde. 
The rate of cyclisation 
The cyclisation reactions were followed by using a PYE UNICAM PU4015 PUMP HPLC system, with 
a PYE PU4025 UV detector set at 225nm, and a ODS Hypersil® column (length: 25cm; internal 
diameter: 5mm). 
Quenching a sample of the reaction solution (< 0.1 ml) with saturated aqueous NaHC03 (-0.25ml), 
followed by extraction of the resulting mixture with DCM (-1 ml), gave aliquots for HPLC analysis. 
lal Cyclisation of a-methoxyurethane 11001 with TiCI 4 at -78°C 
HPLC condttions: 
Retention times: 
Carrier: 
Carrier flow rate: 
Starting material (1 00): 
MeOH : H20 79:21 (by volume) 
O.Sml/m 
Secondary urethane (105): 
12.66m 
5.oom 
9.94m Product (117): 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to (100) (0.27g, 1 m mol) dissolved in DCM (Bml) 
at -78°C. The mixture was stirred at this temperature and aliquots were taken at approximately every 
half hour. Qualttative results only were recorded; -these are given in the discussion (Section 3). 
(bl Cyclisation of a-methoxyurethane 197) with TMSCI at -40°C 
HPLC conditions: 
Retention times: 
Carrier: 
Carrier flow rate: 
Starting material (97): 
MeOH : H20. 79:21 (by volume) 
O.Bml/m 
Secondary urethane (104): 
9.78m 
4.44m 
7.27m Product (112): 
Under nitrogen, TMSCI (0.15ml, 1.18mmol) was added to (97) (0.36g, 1 m mol) dissolved in acetonitrile 
(Bml) at -40°C. The mixture was stirred at this temperature and aliquots were taken periodically. The 
amount of starting material, secondary urethane and product in the aliquots were recorded as 
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percentages of each other, as calculated from the HPLC plotter integrations; -these are summarised 
in Table 27. 
Table 27 
Aliquot Time Starting material (97) Seconda!:l£ Product (112) 
{m {% urethane (1 04) /% 
{% 
1 11 0.4 39 60 
2 31 0.7 34 65 
3 58 0.1 34 66 
4 90 0 29 71 
5 119 0 25 73 
6 201 0 22 78 
7 242 0 20 80 
8 271 0 18 82 
9 367 0 14 86 
10 497 0 10 90 
11 1208 0 9 90 
12 2656 0 8 91 
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Section 2.4 
Cyclisation of a-methoxyurethanes using phosphorus-based reagents 
1-phenyl-2-methoxycarbonyl-6.7 -di methoxy-1.2.3.4-tetrahydroisogui noline 
MeOD:I 
"""- I NYOMe M eO 
Ph 0 
(112) 
Under nitrogen, POCI3 (0.2g, 1.30mmol) was added to (97) (0.36g, 1mmmol) dissolved in DCM (8mQ 
at o•c. The mixture was stirred at room temperature for 26'hh. Saturated aqueous NaHC03 (30mQ 
was added at o•c and the mixture extracted with DCM (3x 30ml). The DCM layers were combined 
and dried (MgS04), and the DCM was removed in-vacuo. Column chromatography (silica gel; ethyl 
acetate: light petrol1:1; Rf = 0.45) gave (112) as a colourless, Viscous liquid (0.32g, 98%). 
Under nitrogen, POBr3 (0.4g, 1.40mmol) in DCM (2.5ml) was added to (97) (0.36g, 1mmmol) 
· dissolved in DCM (Zml) at o•c. The mixture was stirred at room temperature for 24h. Saturated 
aqueous NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 30ml). The DCM 
layers were combined and dried (MgSOJ, and the DCM was removed in-vacuo. Elution of the crude 
material through a pad of TLC grade silica (eluent: ethyl acetate) gave (112) as a colourless, viscous 
liquid (0.33g, 100%). 
Under nitrogen, pyrophosphoryl chloride (0.22g, 0.87mmol) in DCM (2ml) was added to (97) (0.25g, 
o.zommmoQ in DCM (4ml) at o•c. The mixture was stirred at room temperature for 24h. Saturated 
aqueous NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 30ml). The DCM 
layers were combined and dried (MgSOJ, and the DCM was removed in-vacuo. Column 
chromatography ( silica gel; ethyl acetate : light petrol 1 :1; Rf = 0.45) gave (112) as a colourless, 
viscous liquid (0.23g, 1 00%). 
1-phenyl-2-methoxycarbonyl-1.2.3.4·tetrahydroisoguinoline 
(113) 
Under nitrogen, POCI3 (0.2g, 1.30mmol) was added to (99) (0.30g, 1 mmmol) dissolved in DCM (8ml) 
at o•c. The mixture was stirred at room temperature for 24h. Saturated aqueous NaHC03 (30ml) was 
added at o•c and the mixture extracted with DCM (3x 30ml). The DCM layers were combined and 
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dried (MgS0
4
), and the DCM was removed in-vacuo. Column chromatography (silica gel; ethyl 
acetate : light petrol 1 :1) gave the secondary urethane (1 05) and benzaldehyde. No cyclised product 
(113) was found. 
Under nitrogen, POCI3 (0.2g, 1.30mmol) in acetonitrile (3ml) was added to (99) (0.30g, 1mmmol) 
dissolved in acetonitrile (Sml) at ooc. The mixture was stirred at room temperature for 24h. Saturated 
aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The DCM 
layers were combined and dried (MgSO,J, and the DCM was removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate: light petrol1 :1) yielded the secondary urethane (105) and 
benzaldehyde. No cyclised product (113) was found. 
Under nitrogen, POBr3 (0.4g, 1.40mmol) in DCM (4ml) was added to (99) (0.30g, 1 mm mol) dissolved 
in DCM (4ml) at 0°C. The mixture was stirred at room temperature for 24h. Saturated aqueous 
NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The DCM layers 
were combined and dried (MgSOJ, and the DCM was removed in-vacuo. Distillation (Kugelrohr) 
(fraction collected: -120°C/0.05mmHg) followed by column chromatography (-silica gel; ethyl acetate 
:light petrol1:1) gave the secondary urethane (105). No cyclised product (113) was found. 
Under nitrogen, pyrophosphoryl chloride (0.30g, 1.2mmol) was added to (99) (0.30g, 1 mm mol) in 
DCM (8ml) at ooc. The mixture was stirred at room temperature for 24h. Saturated aqueous NaHC03 
(30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The DCM layers were 
combined and dried (MgSO,J, and the DCM was removed in-vacuo. Column chromatography (silica 
gel; ethyl acetate : light petrol 1 ;1; Rf = 0.37) gave (113) as a colourless, viscous liquid (0.200g, 
74%). 
1-lsopropy!-2-methoxyca rbony!-6.7-dimethoxy-1 .2.3.4-tetrahydroisoguinoline 
M eO 
M eO 
(116) 
Pyrophosphoryl chloride (0.30g, 1.2mmol) was added to (98) (0.33g, 1 mm mol) dissolved in DCM 
(8ml) at ooc. The mixture was stirred at room temperature for 15h. Saturated aqueous NaHC03 
{30ml) was added at ooc and the mixture extracted with DCM (3x 25ml). The DCM layers were 
combined and dried (MgSO,J. Solvents were removed in-vacuo. Column chromatography (silica gel; 
ethyl acetate: light petrol 1:1; Rf = 0.45) yielded (116) as a pale yellow viscous liquid (0.25g, 85%). 
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1-lsopropy!-2-methoxyca rbonyl-1 .2.3.4-tetrahydroisoguinoline 
(117) 
Pyrophosphoryl chloride (0.30g, 1.2mmol) was added to (100) (0.27g, 1mmmol) dissolved in DCM 
(7mQ under nitrogen at ooc. The mixture was stirred at room temperature for 13h. Saturated aqueous 
NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 25mQ. The DCM layers 
were combined and dried (MgSO,J. DCM was removed in-vacuo. Column chromatography (silica gel; 
ethyl acetate: light petrol 1 :1) gave a mixture (RI= 0.65), which may have contained a trace of (117) 
(<4%). 
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Section 2.5 
The effect of substituents attached to the aromatic rings of the N-!a-methoxv·a·phenyl· 
-methyll-N-methoxycarbonylamides 
!a\ Synthesjs of a-mehoxyurethane precursors 
N-benzy!idene-2-!4-methoxypheny!lethy!amine 
~ 
MeO~ ~h 
(137) 
Benzaldehyde (2.3g, 22mmo!) was added at O'C to 3-methoxyphenethylamine (3.0g, 20mmol) in 
toluene (10ml). The mixture was left to stir for 'hh at room temperature. Toluene (40ml) was added, 
and the mixture refluxed for 2Y.h using a Dean-Stark trap to remove H20. The toluene was removed 
in-vacuo. The resultant liquid was Kugelrohr distilled to give the product as a liquid, bp (Kugelrohr) 
115'C /0.05rnmHg, which crystalised on cooling to give (137) as white crystals (3.95g, 83%), mp 
46.4- 47.3'C. 
1H n.m.r. (250MHz)(CDC!:JIMS): 
11 = 2. 72 (2H, t, J = 6. 7), 3. 74 (3H, s), 3.81 (2H, m), 6. 79- 7. 71 (9H, m) and 8.13 (1H, s, HC=N) ppm 
13C n.m.r. (63MHz)(CDCI:IfMS): 
11 = 36.56 (CH2), 55.18 (CHs), 63.39 (CH2), 113.74 & 128.03 & 128.55 & 129.92 & 130.54 (9x CH), 
131.96 (C), 136.17 (C), 157.96 (C) and 161.45 (CH, HC=N) ppm 
IR (KBr disc): 
umax 1649.2 (C=N) cm·1 
MS: (El) 
(m/z) 91 (54%), 118{100%), 121 (69%) 
(M+) found 239.1313: [C16H17NO]+ requires 239.1310 
tf:methoxycarbonyi·N-fa-methoxy·a·phenylmethyll-2·f4-methoxyphenyllethylamine 
~J:rMe Meo~ J o 
MeO h 
(133) 
Under nitrogen, methyl chloroformate (1.24g, 13.12mmoQ was added at O'C to imine (137) (2.87g, 
12mmol), dissolved in diethyl ether (50mQ. The mixture was stirred at room temperature for 3'hh. 
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Triethylamine (1.34g, 13.12mmol) and then methanol (1.0g, 31.2mmol) were added at o•c. The 
mixture was stirred for 1 h at room temperature and filtered. The solvent was removed in-vacuo. 
Column chromatography (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.40), gave (133) as a pale 
yellow viscous liquid (2.59g, 66%). 
1H n.m.r. (250MHz)(CDCifTMS) at 323K: 
b = 2.29 (1H, m), 2.68 (1H, m), 3.15 (2H, m), 3.42 (3H, s), 3.72 (3H, s), 3.82 (3H, s), 6.40 (1H, s) and 
6. 71 - 7.52 (9H, m) pp m 
13C n.m.r. (63MHz)(CDCifTMS) at 323K: 
b = 34.86 (CH2), 44.02 (CH;J, 52.75 (CHa), 55.28 (CHa), 55.62 (CHa), 87.22 (CH), 113.97 (2x CH), 
126.48 (2x CH), 128.18 (CH), 128.31 (2xCH), 129.62 (2xCH), 131.73 (C), 138.80 (C) 
and 158.24 (C) ppm 
(One quaternary C is not seen, -it's position probably coincides with another signaQ 
IR (film): 
umax 2834.2 (OMe) and 1704.7 (C=O) cm·1 
MS: (El) 
(m/z) 77(15%), 121(100%), 134(27%) 
(M+) 329.1605; [C19H23NOJ+ requires 329.1627 
N-4'-methoxybenzylidene-2-phenylethylamine 
OMe 
(139) 
p-Anisaldehyde (6.7g, 44mmol) was added at o•c to ~-phenethylamine (4.9g, 40mmol) in toluene 
(60rnl). The mixture was left to stir for 15m at room temperature. Toluene (20ml) was added, and the 
mixture refluxed overnight (20h) using a Dean-Stark trap to remove H20. The toluene was removed 
in-vacuo. The resuttant liquid was Kugelrohr distilled to give a colourless liquid, bp (Kugelrohr) 17o•c 
/0.05mmHg, some of which crystalised on cooling to give (139) as white crystals (8.90g, 93%). 
1H n.m.r. (250MHz)(CDCifTMS): 
b = 2.97 (2H, t, J = 12.6), 3.79 (3H, s), 3.80 (2H, m), 6.88-7.65 (9H, m) and 8.07 (1H, s, HC=N) ppm 
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13C n.m.r. (63MHz)(CDCIJTMS): 
1i = 37.64 (CH2), 55.27 (CHJl, 63.09 (CH2), 113.93 (2x CH), 126.03 (CH), 126.28 (2x CH), 
128.97 (2x CH), 129.13 (C), 129.56 (2x CH), 140.01 (C), 160.74 (CH, HC=N) and 161.54 (C) ppm 
IR (film): 
umax 2837.0 (OMe) and 1650.5, 1645.7 (C=N) cm·1 
MS: (El) 
(m/z) 91(46%), 121(66%), 148(100%) 
(M+) found 239.1310; [C16H17NO]+ requires 239.1310 
N-methoxycarbonyi-N-!a-methoxy-a-14-methoxypheny!lmethyll-2-phenylethylamine 
OMe 
(134) 
Under nitrogen, methyl chloroformate (3.8g, 40mmol) was added at o•c to imine (139) (4.79g, 
20mmol), dissolved in diethyl ether (1 OOml). The mixture was stirred at room temperature for 3h. 
Triethylamine (4.1 g, 40mmoQ and then methanol (1.6g, 50mmol) were added at o•c. The mixture 
was stirred for 1 h at room temperature and filtered. The solvent was removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol 1 :2; Rf = 0.44), followed by Kugelrohr 
distillation, gave (134), -a colourless viscous liquid (3.22g, 49% ), Kugelrohr bp 145°C I 0.05mmHg. 
1H n.m.r. (250MHz)(CDCIJTMS): 
1i=2.31 (1H, m), 2.72 (1H, m), 3.23(2H, m), 3.42 (3H, s, OMe), 3.79 (3H, s, OMe), 
3.82 (3H, s, OMe), 6.24 & 6.45 (1 H) and 6.86- 7.38 (9H, m) ppm 
13C n.m.r. (63MHz)(CDCiafTMS): 
1i = 35.08 & 36.00 (CH;J, 43.35 & 44.04 (CH2), 52.79 (CHJl, 55.25 (CHJl, 55.57 (CHJl, 86.72 (CH), 
113.63 & 126.11 & 127.54 & 127.94, 128.32 & 128.68 (9x CH), 130.72 (C), 139.47 (C), 157.92 (C) 
and 159.45 (C) ppm 
IR (film): 
umax 2835.2 (OMe) and 1711.9, 1708.5, 1704.5 (C=O) cm·1 
MS: (El) 
(m/z) 135(8%), 151(100%), 152(12%) 
(M+) 329.1618; [C19H23NO.J+ requires 329.1627 
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N-4'-methoxvbenzylidene-2-14-methoxyphenyllethylamine 
OMe 
(138) 
p-Anisaldehyde (5.99g, 44mmol) was added at ooc to p-(4-methoxyphenyQethylamine {6.05g, 
40mmol) in toluene (60ml). The mixture was left to stir for 1 h at room temperature. Toluene (40mQ 
was added, and the mixture refluxed for 6h using a Dean-Stark trap to remove H20. The toluene was 
removed in-vacuo. The crude was Kugelrohr distilled to give a colourless liquid, bp (Kugelrohr) 200°C 
/0.1 mmHg. This crystalised on cooling to give (138) as colourless crystals (9.28g, 86%), mp 76.6 -
77.1°C. 
1H n.m.r. (250MHz)(CDCIJTMS): 
1i = 2.93 (2H, t, J = 7.4), 3.75 (3H, s, OMe), 3.77 {2H, m), 3.80 (3H, s, OMe), 6.60 • 7.65 (8H, m) and 
8.07 (1 H, s, HC=N) ppm 
13C n.m.r. (63MHz)(CDCIJTMS): 
1i = 36.66 (CH2), 55.10 (CHs), 55.29 (CHs), 63.29 (CH2), 113.64 (2x CH), 113.87 (2x CH), 
129.11 (C), 129.48 (2x CH), 129.84 (2x CH), 132.03 (C), 157.85 (C), 160.59 (CH, HC=N) and 
161.45 (C) ppm 
IR (solution cell; reference: DCM): 
"max 2837.0 (OMe) and 1646.4 (C=N) cm·1 
MS: (El) 
(m/z) 69(47%), 121{85%}, 148(100%} 
(M+) found 269.1417; [C17H19NOd+ requires 269.1416 
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N-methoxycarbonyi·N-!a-methoxy-a-!4-methoxyphenyl\methyll·2·!4·methoxyphenyll· 
-ethylamine 
OMe 
(135) 
Under nitrogen, methyl chloroformate (1.98g, 21 mmoQ was added at o•c to imine (138) (5.39g, 
20mmoQ, dissolved in diethyl ether (100ml). The mixture was stirred at room temperature for 6h. 
Triethylamine (2.8ml, 20mmol) and then methanol (1.0g, 31 m mol) were added at o•c. The mixture 
was stirred for 1 h at room temperature and filtered. The solvent was removed in-vacuo. Column 
chromatography ( silica gel; ethyl acetate : light petrol 2:3; RI = 0.50), followed by Kugelrohr 
distillation, yielded (135) as a colourless, viscous liquid (5.28g, 73%), bp (Kugelrohr) 195•c 
/0.05mmHg. 
1H n.m.r. (250MHz)(CDCifTMS): 
1i = 2.25 (1 H, m), 2. 72 (1 H, m), 3.1 0 (2H, m), 3.41 (3H, s), 3. 75 & 3. 76 & 3. 78 & 3.80 (9H), 
6.23 & 6.44 (1 H) and 6.72 · 7.37 (8H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1i = 34.16 & 35.07 (CH2), 43.56 & 44.21 (CH2), 52.76 & 55.16 & 55.23 & 55.28 & 55.53 (2X CHs), 
86.73 (CH), 113.61 & 113.76 & 113.91 & 113.96 & 114.02 (4x CH), 127.54 (2X CH), 129.59 & 
129.69 & 129.93 (2X CH), 130.74 (C), 131.54 (C), 158.00 (C), 159.43 (C) and 160.69 (C) ppm. 
IR (film): 
umax 2835.4 (OMe) and 1704.3, 1702.3 (C=O} cm·1 
MS: (El) 
(m/z) 121(41%), 134(28%), 151(100%) 
(M+) 359.1788; (C20H25NOsJ+ requires 359.1733 
!b) Cyclisation reactions 
The decomposition products from failed cyclisation reactions of (133) and (135) were the secondary 
urethane below (300) and the corresponding aldehyde. The reaction of POCI3 with (133) only yielded 
the decomposttion products. From this reaction (300) was characterised. 
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N-methoxvcarbonyl-2-14-methoxvphenyllethy!amine 
(300) 
Under nitrogen, phosphoryl chloride (0.20, 1.3mmol) in DCM (2ml) was added to (133) (0.32g, 
0.97mmmol) dissolved in DCM (6ml) at ooc. The mixture was stirred at room temperature for 25V2h. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30mQ. 
The DCM layers were combined and dried (MgSO.J. Solvents were removed in-vacuo. Column 
chromatography ( silica gel; ethyl acetate : light petrol 1 :1; Rf = 0.45) gave a solid. Recrystallisation 
(ethyl acetate: light petrol1 :1) yielded (300) as white crystals (0.191g, 94%), mp 62.9- 63.7°C 
1H n.m.r. (250MHz)(CDCIIfMS): 
1:i = 2.74 (2H, t, J = 7.0Hz), 3.40 (2H, m), 3.65 (3H, s, OMe), 3.78 (3H, s, OMe), 
4.79 (1 H, s broad, NH) and 6.81 - 7.11 (4H, m) ppm 
13C n.m.r. (63MHz)(CDCIIfMS): 
1:i = 35.25 (CH2), 42.43 (CH2), 52.01 (CHs), 55.24 (CHs), 114.04 (2x CH), 129.72 (2x CH), 130.79 (C) 
157.03 (C) and 157.28 (C) ppm 
IR (solution cell; reference: DCM): 
umax 3447.2 (NH), 2838.9 (OMe) and 1723.5 (C=O) cm-1 
MS: (El) 
(m/z) 44(20%), 121(100%), 134(82%) 
(M+) 209.1045; [C11 H15NOSJ+ requires209.1052 
1-Phenyl-2-methoxycarbonyl-7-methoxy-1.2.3.4-tetrahydroisoauinoline 
M eO 
(140) 
Under nitrogen, TMSCI (0.15ml, 1.1Bmmol) was added to a-methoxyurethane (133) (0.33g, 1 m mol) in 
acetonitrile (BmQ at ooc. The mixture was stirred at room temperature for 23Y2h and quenched at ooc 
with aqueous saturated NaHC03 (30ml). The mixture was extracted with DCM (3x 30ml). The organic 
layers were dried (MgSO.J, and solvents were removed in-vacuo. No product (140) could be detected 
in the crude mixture, only the decomposttion products -secondary urethane (300) and benzaldehyde. 
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Under nitrogen, TMSOTf (0.20ml, 1.03mmol) was added to (133) (0.33g, 1mmmol) dissolved in 
acetonitrile (8ml) at 0°C. The mixture was stirred at room temperature for 24'hh. Saturated aqueous 
NaHC0
3 
(30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The DCM layers 
were combined and dried (MgSO~. Solvents were removed in-vacuo. Column chromatography (silica 
gel; ethyl acetate : light petrol 1 :2; Rf = 0.34) yielded (140) as a colourless, viscous liquid (0.160g, 
24%), which begins to crystallise on standing. 
Under nitrogen, phosphoryl chloride (0.20, 1.30mmol) in DCM (2ml) was added at ooc to (133) 
(0.32g, 0.97mmmol) dissolved in DCM (6ml). The mixture was stirred at room temperature for 25'hh. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). 
The DCM layers were combined and dried (MgS04). Solvents were removed in-vacuo. No required 
product (140) could be isolated, only the decomposition products -secondary urethane (300) and 
benzaldehyde. 
Under nitrogen, pyrophosphoryl chloride (0.30, 1.19mmol) was added to (133) (0.33g, 1mmmol) 
dissolved in DCM (8ml) at 0°C. The mixture was stirred at room temperature for 24h. Saturated 
aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The DCM 
layers were combined and dried (MgS04). Solvents were removed in-vacuo. Column chromatography 
(silica gel; ethyl acetate : light petrol 1 :2; Rf = 0.34) gave a yellow liquid, which solidifies. 
Recrystallisation (ethyl acetate : light petrol system) yielded (140) as pale yellow needles (0.033g, 
11%). 
Under nitrogen, TiC14 (0.15ml, 1.37mmol) was added to (133) (0.33g, 1 m mol) dissolved in DCM (8ml) 
at -90°C. The mixture was stirred at -90°C for 10m and then at room temperature for 24'hh. Saturated 
aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (4x 30ml)(-care was 
needed as emulsion is formed). The DCM layers were combined and dried (MgSO~. DCM was 
removed in-vacuo to give a colourless, viscous liquid, which begins to solidify. Recrystallisation (ethyl 
acetate: light petrol system) yielded (140) as colourless needles (0.21 g, 71 %), mp 99.9- 100.4°C. 
a-methoxyurethane (133) (0.33g, 1mmol) in DCM (6ml) was added to AIBr3 (0.4g, 1.50mmol) in DCM 
(5ml) at -90°C. The mixture was stirred at -90°C for 5m and then at room temperature for 27h. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (4x 30ml). 
The DCM layers were combined and dried (MgS04), and the DCM removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol 1 :2; Rf = 0.34) gave (140) as a colourless, 
viscous yellow liquid (0.015, 5%), which begins to crystallise on standing. 
1H n.m.r. (250MHz)(CDCifTMS) at 323K: 
1i = 2.65 (1 H, m), 2.90 (1 H, m), 3.22 (1 H, m), 3.71 (3H, s, OM e), 3.75 (3H, s, OMe), 4.00 (1 H, s), 
6.33 (1 H, s) and 6.58- 7.33 (8H, m) ppm 
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13C n.m.r. (63MHz)(CDCI:{I"MS) at 323K: 
1i = 27.39 (CH;J, 38.33 (CH2), 52.43 (CHa), 55.16 (CHa), 57.87 (CH), 113.19 (CH), 113.54 (CH), 
127.02 (C), 127.17 (CH), 128.07 (2xCH), 128.16 (2xCH), 129.57 (CH), 136.50 (C), 142.32 (C), 
156.14 (C) and 158.08 (C) ppm 
IR (solution cell; reference: DCM): 
umax 2839.8 (OMe) and 1694.0 (C=O) cm·l 
MS: (El) 
(m/z) 28(52%), 31 (1 00%}, 220(71 %) 
(M+) 297.1353; [C18H19NO:J+ requires 297.1365 
1-14-methoxvoheny!\-2-methoxycarbonyl-1.2.3.4-tetrahydroisoauinoline 
OMe 
(141) 
Under nitrogen, TMSOTf (0.25ml, 1.29mmol) was added at o•c to (134) (0.33g, 1 mm mol) dissolved 
in acetonitrile (8ml). The mixture was stirred at room temperature for 25h. Saturated aqueous 
NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 30ml). The DCM layers 
were combined and dried (MgS04). Solvents were removed in-vacuo. The decomposition product 
anisaldehyde was removed by distillation (Kugelrohr) (-fraction bp 75•c /0.05mmHg). Column 
chromatography (silica gel; ethyl acetate : light petrol 1 :3; RI = 0.47) followed by programmed elution 
chromatography on the mixed fractions (silica gel; ethyl acetate : light petrol1 :5 to 1 :4) on the mixed 
fractions, gave (141) as a colourless viscous liquid (total yield: 0.094g, 32%). 
Under nitrogen, pyrophosphoryl chloride (0.30, 1.19mmol) inpCM (2ml) was added to (134) (0.33g, 
1 mmmol) dissolved in DCM (8ml) at o•c. The mixture was stirred at room temperature for 25h. 
Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 30ml). 
The DCM layers were combined and dried (MgSO.J, and DCM was removed in-vacuo. No product 
(141) could be isolated. 
Under nitrogen, pyrophosphoryl chloride (0.30, 1.19mmol) was added to (134) (0.33g, 1mmmol) 
dissolved in dichloroethane (8ml) at o·c. The mixture was bought to room temperature and then 
refluxed for 4h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted with 
DCM (3x 30ml). The DCM layers were combined and dried (MgS04). Solvents were removed 
in-vacuo. Column chromatography (-silica gel; ethyl acetate : light petrol1 :3; Rf = 0.37) gave (141) 
as a colourless viscous liquid (0.209g, 70%). 
Under nitrogen, TiCI4 (0.15, 1.37mmol) was added to (133) (0.33g, 1mmmol) dissolved in 
dichloroethane (8ml) at -78°C. The mixture was stirred at -78°C for 5m and then at room temperature 
for 24'/.h. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM 
(3x 30ml). The DCM layers were combined and dried (MgSO,J. No required product (141) could be 
detected in the crude. 
Under nitrogen, TiCI4 (0.15, 1.37mmol) was added to (133) (0.33g, 1 mmmol) dissolved in 
dichloroethane (8ml) at -90°C. The mixture was slowly bought to room temperature and then refluxed 
tor 4h. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM 
(3x 30ml). The DCM layers were combined and dried (MgS04). Solvents were removed in-vacuo. 
Column chromatography (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.37) gave (141) as a 
colourless viscous liquid (0.227g, 76%). 
1H n.m.r. (250MHz)(CDC11fMS) at 323K: 
ti = 2.70 (1H, sextuplet), 2.96 (1 H, m), 3.21 (1H, m, OMe), 3.71 (3H, s), 3.73 (3H, s, OMe), 
4.02 (1H, m), 6.33 (1H, s) and 6.74-7.22 (8H, m) ppm 
13C n.m.r. (63MHz)(CDCIIfMS) at 323K: 
ti = 28.35 (CH:J, 37.88 (CH:J, 52.44 & 52.47 (CHa), 55.09 (CHa), 57.20 (CH), 113.62 & 125.96 & 
126.83 & 128.41 & 128.78 & 129.45 (8x CH), 134.85 (C), 134.93 (C), 135.64 (C), 155.85 (C) and 
158.95 (C) ppm. 
IR (film): 
vmax 1703.3, 1698.5 (C=O) cm·1 
MS: (El) 
(m/z) 190(100%), 238(73%), 297(62%) 
(M+) 297.1370; [C18H19NO;J]+ requires 297.1365 
194 
1·(4-methoxvphenyll-2-methoxvcarbonyi-Z·methoxv-1 .2.3.4-tetrahydroisoguinoline 
M eO 
OMe 
(142) 
Under nitrogen, TMSCI (0.15ml, 1.18mmoQ was added to a-methoxyurethane (135) (0.36g, 1 m mol) in 
acetonitrile (8ml) at ooc. The mixture was stirred at room temperature for 27h and quenched at ooc 
with aqueous saturated NaHC03 (30ml). The mixture was extracted with DCM (3x 30ml). The organic 
layers were dried (MgSO.J and the solvents were removed in-vacuo. No required product (142) could 
be detected in the crude mixture, only the decomposition products -secondary urethane (300) and 
anisaldehyde. 
Under nitrogen, TMSOTf (0.25ml, 1.3mmol) was added to (135) (0.36g, 1mmmol) dissolved in 
acetonitrile (8ml) at ooc. The mixture was stirred at room temperature for 24%h. Saturated aqueous 
NaHC03 {30ml) was added at ooc and the mixture extracted with DCM (3x 30mQ. The DCM layers 
were combined and dried (MgSO.J. Solvents were removed in-vacuo. Column chromatography (silica 
gel; ethyl acetate : light petrol 1 :3; Rf = 0.28) and TLC preparative chromatography ( TLC grade silica 
gel; ethyl acetate: light petrol1:3; Rf = 0.28) gave (142) as a colourless viscous liquid (0.046g, 14%). 
Under nitrogen, phosphoryl chloride (0.20g, 1.3mmol) in DCM (2ml) was added to (135) (0.36g, 
1 mmmol) dissolved in DCM (6ml) at 0°C. The mixture was stirred at room temperature for 24%h. 
Saturated aqueous NaHC03 {30mQ was added at ooc and the mixture extracted with DCM (3x 30mQ. 
The DCM layers were combined and dried (MgS04) and the DCM removed in-vacuo. No required 
product (142) was isolated. Column chromatography (silica gel; ethyl acetate : light petrol1 :1), gave 
only the secondary urethane (300) and anisaldehyde. 
Under nitrogen, pyrophosphoryl chloride (0.30g, 1.2mmol) in DCM (2ml) was added to (135) (0.36g, 
1 mm mol) dissolved in DCM (6ml) at o•c. The mixture was stirred at room temperature for 23%h. 
Saturated aqueous NaHC03 (30mQ was added at ooc and the mixture extracted with DCM (3x 30ml). 
The DCM layers were combined and dried (MgSO.J. Solvents were removed in-vacuo. No required 
product (142) was isolated. Column chromatography (silica gel; ethyl acetate: light petrol1 :1), gave 
only the secondary urethane (300) and anisaldehyde. 
Under nitrogen, TiCI4 (0.15, 1.37mmol) was added to (135) (0.36g, 1mmmol) dissolved in 
dichloroethane (8ml) at -90°C. The mixture was stirred at -90°C for 1 Om and then at room 
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temperature for 24h. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted 
with DCM (3x 30ml). The DCM layers were combined and dried (MgS04). Solvents were removed 
in-vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1 :3; RI= 0.28) gave (142) as 
a colourless viscous liquid (0.238g, 73%). 
a-methoxyurethane (135) (0.36g, 1mmol) in DCM (6ml) was added to AIBr3 (0.4g, 1.50mmol) in DCM 
(5ml) at -90°C. The mixture was stirred at -90°C for 5m and then at room temperature for 24h. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (4x 30ml). 
The DCM layers were combined and dried (MgSO.J, and the DCM removed in-vacuo. No required 
product (142) could be detected in the crude mixture, only the decomposition products -secondary 
urethane (300) and anisaldehyde. 
1H n.m.r. (250MHz)(CDCifTMS): 
ll = 2.61 - 2. 71 (1 H, sextuplet), 2.90 (1 H, m), 3.17 (1 H, m, OMe), 3.70 (3H, s, OM e), 3. 76 (6H, s), 
4.06 (1 H, s), 6.35 (1 H, m) and 6.35- 7.15 (7H, m) ppm 
uc n.m.r. (63MHz)(CDCifTMS): 
ll = 27.58 (CH2), 37.96 (CH:J, 52.68 (CHa), 55.20 (CHa), 55.27 (CHa), 57.23 (CH), 112.94 & 113.54 & 
113.58 (5x CH), 127.02 (C), 129.62 (CH), 129.79 (CH), 134.71 (C), 136.47 (C), 155.89 (C), 
157.77 (C) and 158.85 (C) ppm. 
IR (film): 
"max 2836.6 (OMe) and 1704.3, 1698.6, 1694.6 (C=O) cm·1 
MS: (El) 
(m/z) 220(100%), 268(67%), 327(87%) 
(M+) 327.1477; C19H21 N04 requires 327.1471 
1-Rheoyl-2-methoxycarbonyl-6.7-dimethoxy-1.2.3.4-tetrahydroisogujnoline 
(112) 
a-methoxyurethane (97) (0.36g, 1 m mol) in DCM (6ml) was added to AIBr3 (0.4g, 1.50mmol) in DCM 
(5ml) at -90°C. The mixture was stirred at -90°C for 5m and then at room temperature for 24h. 
Saturated aqueous NaHC03 (30mQ was added at ooc and the mixture extracted with DCM (4x 30mQ. 
The DCM layers were combined and dried (MgSO.J, and the DCM removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate: light petrol 1 :1), gave (112) as a colourless viscous liquid 
(0.26g, 79%) 
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The effect of a nitro- group attached to the secondary ring 
lal Synthesis of a-methoxvurethane precursors 
N-2'-nitrobenzylidene-2-phenylethylamine 
(150) 
~-Phenethylamine (3.64g, 30mmol) was added to o-nitrobenzaldehyde (4.53g, 30mmol) in toluene 
(60ml) at o•c and stirred at room temperature for V.h. The mixture was refluxed for 3h, using a Dean-
-Stark trap to remove water. Toluene was removed in-vacuo. The crude material was distilled 
(Kugelrohr), to give the product (150), -a very pale brown liquid (7.27g, 95%), bp (Kugelrohr) 175•C 
/0.01mmHg. 
1H n.m.r. (250MHz)(CDCisf!MS): 
1i = 3.03 (2H, t, J = 7.3Hz), 3.93 {2H, m), 7.18- 7.99 (9H, m) and 8.57 (1 H, s, HC=N) ppm 
13C n.m.r. (63MHz)(CDCisf!MS): 
1i = 37.15 (CH:J, 62.96 (CH:J, 124.23 & 126.23 & 128.40 & 128.92 & 129.66 & 130.57 & 
133.39 (9x CH), 138.30 (C), 139.54 (C), 148.80 (C) and 157.32 (CH, HC=N) ppm. 
IR (film): 
umax 1638.7 (C=N) and 1530.1, 1525.1, 1346.6 (N02) cm·1 
MS: (El) 
(m/z) 91 (62%), 1 05{51 %), 163(1 00%) 
(M+) found 254.1047; [C15H14N20~+ requires254.1055 
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N-methoxvcarbonyl-N-!a-methoxy-a-12-nitrophenyllmethyl!-2-phenylethylamine 
(151) 
Methyl chloroformate (3.83g, 40.5mmoQ was added under nitrogen at ooc to the imine (150) (5.00g, 
19.7mmol) dissolved in dry diethyl ether (80ml). The mixture was stirred at room temperature 
overnight for 13%h. Triethylamine (4.1 g, 40.2mmol) and methanol (2.0g, 62.4mmol) were added at 
0°C. The mixture was stirred at room temperature for 2h and filtered. Diethyl ether was removed in-
vacuo. Column chromatography (silica gel; diethyl ether : light petrol 1:1; Rf = 0.64), followed by 
distillation (Kugelrohr) gave the product (151), -a pale yellow viscous liquid {4.67g, 68%), Kugelrohr 
bp 195°C /0.01mmHg. 
1H n.m.r. (250MHz)(CDCIJTMS): 
11 = 2.40 (1H, m), 2.79 (1H, m), 3.07 (1H, m), 3.27 (1H, m), 3.45 (3H, broads, OMe), 
3.84 (3H, s, OMe) and 6. 77 - 7.80 (1 OH) ppm. 
13C n.m.r. (63MHz)(CDCIJTMS): 
11 = 35.19 & 36.09 (CH:J, 44.69 & 44.99 (CH2), 53.15 (CH:J, 56.19 & 56.38 (CH:J, 84.04 (CH), 
124.49 & 126.26 & 128.41 & 128.64 & 129.40 & 132.35 & 132.46 (1x C, 9x CH), 136.99 (C), 
149.02 (C) and 157.38 (C, C=O, very low intensity signal) ppm. 
IR (film): 
umax 1721.6, 1713.7, 1704.5, 1698 (C=O) and 1538.0, 1531.4, 1526.5 (NO;J cm·1 
MS: (El) 
(m/z) 91(40%), 105(16%), 166(100%) 
(M+) not detected 
(FAB) 
(m/z) 93(25%), 105(57%), 166(100%) 
Accurate mass could not be measured due to interference of the spectra with the lower mass 
reference; -however peaks at 345 and 429 corresponding to [M+H]+ and [M+Rbj+ respectively can be 
seen. 
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lbl Cyclisation reactions 
1-12-nitrophenvll-2-methoxvca rbonyl-1 .2.3.4-tetrahydroisoguinoline 
(152) 
Under nitrogen, TMSCI (0. 15ml, 1. 18mmol) was added to a-methoxyurethane (151) (0.34g, 1 m mol) in 
acetonitrile (Sml) at o•c. The mixture was stirred at room temperature for 24h and quenched at o•c 
with aqueous saturated NaHC03 (30ml). The mixture was extracted with DCM (3x 30ml). The organic 
layers were dried (MgSO.J and the solvents were removed in-vacuo. Column chromatography (silica 
gel; DCM: diethyl ether 95:5), isolated no required product (152). 
Under nitrogen, TMSOTf (0.25ml, 1.3mmol) was added to (151) (0.34g, 1mmmol) dissolved in 
acetonitrile (Sml) at o•c. The mixture was stirred o•c for 5m and then at room temperature for 24'hh. 
Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted with DCM (3x 30mQ. 
The DCM layers were combined and dried (MgSO.J. Solvents were removed in-vacuo. Column 
chromatography ( silica gel; DCM : diethyl ether 95:5; Rf = o. 75) followed by preparatory plate 
chromatography ( TLC grade silica gel; DCM: diethyl ether 95:5; Rf = 0.75) on the mixed fractions, 
yielded (152) as a yellow viscous liquid (0. 165g, 53%) 
Under nitrogen, phosphoryl chloride (0.11ml, 1.3mmol) was added to (151) (0.34g, 1mmmol) 
dissolved in DCM (Bml) at o•c. The mixture was stirred at room temperature for 25h. Saturated 
aqueous NaHC03 (30mQ was added at o•c and the mixture extracted with DCM (3x 30mQ. The DCM 
layers were combined and dried (MgSO.J. Solvents were removed in-vacuo. No required product 
(152) could be detected in the crude mixture. 
Pyrophosphoryl chloride (0.30g, 1 .2mmol) in DCM (2ml) was added at o•c to (151) (0.33g, 
0.96mmmol) dissolved in DCM (6ml). The mixture was stirred at o•c for sm and then at room 
temperature for 24Y.h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture 
extracted with DCM (3x 30ml). The DCM layers were combined and dried (MgS04). Solvents were 
removed in-vacuo. Elution of the crude material through a pad of TLC grade silica (eluent: ethyl 
acetate), follow by preparatory plate chromatography ( TLC gradw silica gel; DCM : diethyl ether 95:5; 
Rf = o. 75 followed by TLC grade silica gel; diethyl ether : light petrol1 :1; Rf = 0.23) yielded (152) as a 
yellow viscous liquid (18mg, 6% ). 
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TiCI4 (0.15ml, 1.37mmol) was added to (151) (0.33g, 0.96mmmol) dissolved in DCM (8ml) at -90'C. 
The mixture was stirred at -90'C for 1 Om and then room temperature for 24h. Saturated aqueous 
NaHC03 (30ml) was added at O'C and the mixture extracted with DCM (4x 30ml). The DCM layers 
were combined and dried (MgSO,J. The solvent was removed in-vacuo. Column chromatography 
(silica gel; DCM : diethyl ether 95:5; Rf = o. 75 followed by silica gel; diethyl ether : light petrol 1 :1; 
Rf = 0.23), yielded (152) as a yellow viscous liquid (0.263g, 88%). 
1H n.m.r. (250MHz)(CDCijTMS): 
1i = 2.95 (2H, m), 3.40 (1H, m), 3.61 (3H, s, OMe), 4.33 (1H, broads), 6.77 (1H, broads) 
and 7.11 - 7. 75 (8H, m) pp m. 
13C n.m.r. (63MHz)(CDCijTMS): 
1i = 28.94 (CH:J, 38.31 (CH:J, 51.62 (CH), 52.73 (CH:Jl, 123.60 (CH), 126.75 (CH), 127.08 (CH), 
128.47 (CH), 128.13 (CH), 128.75 (CH), 130.30 (CH), 132.46 (CH), 134.43 (C), 137.81 (C), 
150.40 (C) and 155.66 (C, C=O) ppm. 
IR (film): 
"max 1713.6, 1710.0, 1704.3, 1698.6, 1694.6 (C=O) and 1537.3, 1532.5, 1526.3, 1360.7 (N02)cm·1 
MS: (El) 
(m/z) 15(96%), 42(93%), 180{100%) 
(M+) found 312.0961; [C17H16N20,iJ+ requires 312.1110 
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Section 6 
Synthesis of 1 .2.3.4-tetrahydroisoguinoline-1-carboxvlic acids 
la\ Synthesis of a-methoxvurethane precursors 
Methyl chloromethoxyacetate95 
aM 
MeO OMe 
(165) 
Methyl dimethoxyacetate (30.0g, 224mmoQ) was added slowly to PCI5 (46.6g, 224mmol) at ooc The 
mixture was refluxed for 45m. 1 H NMR analysis showed that all the methyl dimethoxyacetate had 
reacted. The mixture was filtered and distilled (Kugelrohr) twice using a water aspirator, to give (165) 
as a colourless liquid (15.95g, 51%), bp (Kugelrohr) 59- 62°C. 
1H n.m.r. (60MHz)(CDCiafTMS): 
1\ = 3.62 (3H, s), 3.93 (3H, s) and 5.83 (1 H, s) pp m. 
Methyl bromomethoxyacetate 
Br>-< 
MeO OMe 
(166) 
Br2 (3.6ml, 69.9mmol) was added to PIJsP (13.1g, 50mmol) in dry acetonitrile (120ml) at 10°C. The 
mixture was stirred at room temperature for Y.h. Methyl dimethoxyacetate (5.4g, 40mmoQ was added 
dropwise. The mixture was refluxed for 27h. The solvent was removed in-vacuo with a water aspirator 
at -15mmHg at room temperature. The residue was distilled (Kugelrohr) to give {166) as a pale 
yellow liquid (4.35, 59%), Kugelrohr fraction bp 75- 80°C /15mmHg (lit.1s2 bp {Kugelrohr} 75- 85°C 
/15mmHg). 
1H n.m.r. (60MHz)(CDCiafTMS): 
li = 3.53 (3H, s), 3.80 (3H, s) and 5.97 (1 H, s) ppm. 
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N-methoxycarbonyi-N-Ia-methoxy-a-methoxvcarbonylmethvll-2-13.4-dimethoxyphenyll-
-ethylamine 
MeODl I Me MeO' ;_-( 
MeO CO Me 2 
(160) 
Under nitrogen, n-BuLi (2.1M in hexanes) (5.5ml, 11.3mmol) was added at -78°C to (104) (2.38g, 
1 OmmoO, dissolved in THF (44ml). The mixture was stirred for 2h at -78°C. Methyl 
chloromethoxyacetate (165) (1.67g, 12mmoO was added slowly at -78°C. The mixture was stirred at 
-780C for 10m and then at room temperature for a further 'hh. The reaction was quenched with 
saturated aqueous NaHC03 (30ml) and the mixture extracted with DCM (3x 50ml). The organic layers 
were dried (MgS04) and solvents removed in-vacuo. Column chromatography of the crude material 
(silica gel; ethyl acetate: light petrol 3:1 eluent; Rf = 0.48), followed by Kugelrohr distillation (fraction 
taken bp -150-200°C /0.05mmHg), then reverse-phase chromatography (ODS - bonded silica; 
gradient elution H20: methanol 7:13 and then 2:3), and further distillation (Kugelrohr) gave the product 
(160) as a colourless liquid (0.46g, 13%), bp (Kugelrohr) 190°C /0.05mmHg. 
Under nitrogen, n-BuLi (2.5M in hexanes) (4.4ml, 11 mmol) was added at -78°C to (104}, dissolved in 
THF (44ml). The mixture was stirred for 2h at -78°C. Methyl bromodimethoxyacetate (166) (2.0g, 
11mmoO was added slowly at -78°C and the mixture stirred at -78°C for 1h and then room 
temperature for a further 1 h. The reaction was quenched wHh saturated aqueous NaHC03 (30ml) and 
the mixture extracted with DCM (3x 50mQ. The organic layers were dried (MgSO.J and solvents 
removed in-vacuo. Column chromatography crude material (silica gel; ethyl acetate: light petrol 3:1 
eluent; Rf = 0.48), followed by Kugelrohr distillation , gave the product (160), -a colourless liquid 
(0.55g, 71%), bp (Kugelrohr) 190°C/0.05mmHg. 
Reverse - phase chromatography (ODS - bonded silica; H20:methanol 2:3 eluent) on the 
distilled product (1.88g) followed by Kugelrohr distillation gave_;:malytically pure (160) (0.51g, 15%). 
1H n.m.r. (250MHz)(CDCiafTMS): 
1i = 3.18 (2H, m), 3.49 (3H, s, OMe), 3.49 (2H, m), 3.79 (3H, s, OMe), 3.82 (3H, s, OMe), 
3.85 (3H, s, OMe), 3.88 (3H, s, OMe), 5.55 & 5.78 (1H) and 6. 71 - 6.82 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCiafTMS): 
1i = 34.55 & 35.40 (CH2), 45.32 & 46.12 (CH2), 52.71 (CHJl, 53.28 (CHJl, 55.86 (CHJl, 55.92 (CHJl, 
56.05 (CHJl, 84.51 (CH), 111.27 (CH), 112.02 (CH), 120.76 (CH), 131.46 (CH), 147.59 (C), 
148.89 (C), 155.94 & 157.32 (C, C=O) and 167.97 & 168.19 (C, C=O) ppm 
IR (film): 
umax 2832 (OMe), 1752 (C=O) and 1708 (C=O) cm·1 
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MS: (El) 
(m/z) 103(100%), 164(93%), 165(63%) 
(M+) found 341.1492; [C16H23N07]+ requires 341.1474 
N-methoxvcarbonyi-N·Ia-methoxy-a-methoxycarbonylmethyll·2·phenylethylamine 
(161) 
Under nitrogen, n-butyllithium (1.6M in hexanes) (5.6ml, 8.90ml) was added at -78°C to (105) (1.45g, 
8.09mmol), dissolved in THF (20ml). The mixture was stirred at -78°C for 2h. 
Methylbromomethoxyacetate (166) (1.6g, 8.90mmol) was added at -78°C and the mixture stirred at 
that temperature for 1 h and then room temperature for 16h. Saturated aqueous NaHC03 (30ml) was 
added and the mixture extracted with DCM (3x 40ml). The organic layers were dried (MgS04) and 
the solvents were removed in-vacuo. Reverse • phase column chromatography (ODS • bonded silica; 
H20 : methanol 3:7 eluent), followed by Kugelrohr distillation, gave (161) as a yellow viscous liquid 
(1.51g, 66%), bp (Kugelrohr) 125°C/0.05mmHg. 
1H n.m.r. (250MHz)(CDCiflMS): 
11 = 2.89 (2H, m), 3.39 (3H, s, OMe), 3.39 (2H, m), 3. 78 (3H, s, OMe), 3.80 (3H, s, OMe), 
5.54 & 5.78 (1 H) and 7.17 • 7.32 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCiflMS): 
11 = 34.94 & 35.82 (CH2), 45.21 & 45.96 (CH~, 52.64 (CH:Jl, 53.19 (CH:Jl, 56.03 (CH:Jl, 84.62 (CH), 
126.39 (CH), 128.50 (2x CH), 128.84 (2x CH), 138.92 (C), 155.97 & 157.31 (C, C=O) and 
168.13 (C, C=O) ppm 
IR (film): 
Umax 2832 (OMe), 1758 (C=O) and 1712 (C=O) cm·1 
MS: (El) 
(m/z) 1 05(57%), 190(42%), 222(1 00%) 
(M+) found 281.1247; [C14H19NOsJ+ requires 281.1263 
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lbl Cyclisatjon reactions 
Methyl 2-methoxvcarbony!-6.7 -dimethoxy-1 .2.3.4-tetrahydroisoaui no! i ne-1-carboxy!ate 
(162) 
Under nitrogen, TMSOTf (0.25ml, 1.53mmol) was added at ooc to (160) (0.28g, 1 mmol), dissolved in 
acetonitrile (8ml). The mixture was stirred at room temperature for 137h, saturated aqueous NaHC03 
(15ml) was then added at ooc. The mixture was extracted with DCM (3x 30m!). The DCM layers were 
combined and dried (MgSO.J. Solvents were removed in-vacuo. Column chromatography on the 
crude material (silica gel; ethyl acetate: light petrol 1:3 eluent; Rf = 0.46), followed by Kuge!rohr 
distillation , gave a solid. Recrystallisation (ethyl acetate:light petrol 1 :3) gave (162) as colourless 
crystals (0.21g, 68%), mp 75.9- 76.4°C, bp (Kugelrohr) 150°C /0.2mmHg. 
1H n.m.r. (250MHz)(CDC!jTMS): 
1i = 2.81 (2H, m), 3.71 (s) & 3.73(s) & 3.75(s) & 3.86(s) & 3.87(s) (12H, 4x OMe), 
3.70 (2H, m), 5.48(s) & 5.55(s) (1H), 6.64 (1H, s) and 6.98 & 6.99 (1H) ppm. 
13C n.m.r. (63MHz)(CDC!jTMS): 
1i = 27.95 & 28.17 (CH2), 40.19 & 40.51 (CH2), 52.51 (CHs), 52.96 (CHs), 55.89 (CHs), 56.08 (CHs), 
57.54 (CH), 110.60 & 110.86 & 111.06 & 111.22 (2x CH), 121.58 & 122.09 (C), 127.32 & 
127.50 (C), 147.69 & 148.68 (C), 155.97 & 156.55 (C) and 171.73 (C) ppm. 
!R (film): 
umax 2832 (OMe), 1742 (C=O) and 1710, 1690 (C=O)cm·1 
MS: (El) 
(m/z) 59(11 %), 190(7%), 250(1 00%) 
(M+) found 309.1241; (C15H19N06J+ requires 309.1212 
Microana!ysis: 
Found C(58.29%), H(5.'19%), N(4.59%); C15H19N06 requires C(58.24%), H(6.19%), N(4.53%) 
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Methyl 2-methoxycarbonyl-1 .2.3.4-tetrahydroisoguinoli ne-1-ca rboxylate 
(163) 
TMSOTf (0.20ml, 1 .2mmol) was added at o•c to (161) (0.28g, 1 mmol), dissolved in acetonitrile (Sml). 
The mixture was stirred at room temperature for 25h and quenched at o•c with aqueous saturated 
NaHC03 (15ml). The mixture was extracted with DCM (3x 30mQ; the organic layers were dried 
(MgS04) and solvents removed in-vacuo. The crude oil was eluted through a pad of TLC grade silica 
with ethyl acetate. Distillation (Kugelrohr) gave (163) as a colourless liquid (0.24g, 96%), bp 
(Kugelrohr) 11o•c /0.2mmHg. 
'H n.m.r. (2SOMHz)(CDCIITMS): 
li = 2.96 (2H, m), 3.71 (3H, s, OMe), 3.75(s) & 3.77(s) (3H, OMe), 3.77 (2H, m), 5.55(s) & 5.63(s) 
(1H) and 7.15-7.57 (4H, m) ppm 
13C n.m.r. (63MHz)(CDCIITMS): 
li = 28.41 & 28.60 (CH,0, 40.35 & 40.64 (CH2), 52.56 (CHs), 52.98 (CHs), 58.05 (CH), 126.58 & 
126.63 & 127.90 & 128.16 & 128.40 & 128.73 (4x CH), 130.12 & 130.56 & 130.91 (C), 135.18 & 
135.31 (C), 155.99 & 156.60 (C) and 171.61 (C) ppm 
IR (film): 
"max 1744 (C=O) and 1708 (C=O)cm·l 
MS: (El) 
(m/z) 130(11%), 190{100%), 191(14%) 
(M+) found 249.098; [C13H15NO.J+ requires 249.1001 
(FAB) 
(m/z) 154(21%), 190(100%), 250(27%) 
([M+H]+) 250.11 07; [C13H16NO.J+ requires 250.1079 
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Section 2.7 
'One-pot cyclisation reactions' using titanium tetrachloride 
The general procedure used for these reactions is as follows: 
Under nitrogen, methyl chloroformate was added at o•c to a solution of the a-methoxyurethane 
(1 m mol) in either DCM, dichloroethane or acetonitrile (8ml). The mixture was stirred at room 
temperature for 3 . 5h. TiCI4 was then added at -78•c or -9o•c. The mixture was stirred at that 
temperature for -1 Om and then at the required temperature for the time required. Saturated aqueous 
NaHC03 (30ml) was added at o•c, and the mixture extracted with either DCM or diethyl ether. The 
organic layers were dried (MgSO.J and the solvents were removed in-vacuo to leave the crude 
material. Column chromatography (silica gel) was used to purify the products. 
Section 2.8 
2.8.1 The attempted synthesis of a-methoxy-sulphonamides 
N::tosyl·2·phenylethylamlne99 
(168) 
fl·phenylethylamine (12.6ml, 100ml) was added to aqueous NaOH (2.5M) (160mQ. Tosyl chloride 
(22.9g, 120mmol) was carefully added in portions with vigourous shaking of the mixture at intervals. 
The mixture was allowed to stand for 1 h and then acidified with aqueous dilute HCI to give a 
colourless precipitate, The mixture was filtered and the precipttate washed with H20 and recrystalised 
twice from absolute ethanol to give (168) as colourless crystals (15.61g, 57%), mp 63.1 • 64.3•C. 
1H n.m.r. (250MHz)(CDCI:JTMS): 
1i = 2.43 (3H, s), 2.76 (2H, t, J = 6.9Hz), 3.22 (2H, q), 4.38 (1H, s, NH) and 7.07 • 7.71 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCI:JTMS): 
1i = 21.51 (CHa), 35.80 (CH2), 44.26 (CH2), 126.71 & 127.09 & 128.69 & 128.72 & 129.71 (9x CH), 
136.88 (C), 137.77 (C) and 143.39 (C) ppm 
IR (KBr): 
'-'max 3264 (NH) cm·1 
MS: (El) 
(m/z) 91{100%}, 155(76%), 184(70%) 
(M+) found 275.1000; [C15H17N02S]+ requires 275.0980 
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2.8.2 a-methoxy-trifluroacetamides 
Synthesjs of a-methoxy-trifluroacetamides 
N-trjfluoromethylcarbonyl-2-phenylethylamine 
(173) 
Trifluroacetic anhydride {14.1ml, 100mmol) was added at o•c to a solution of ~-phenylethylamine 
(12.6ml, 100mmo~ in DCM (80ml) in the presense of N~C03 (16g, 150mQ. The mixture was stirred 
at room temperature for 4h. H20 (80ml) was added. The organic layer was separated and the 
aqueous layer washed with DCM (3x30ml). The combined organic extracts were dried (MgS04) and 
the solvent removed in vacuo. The residue was eluted through a pad of TLC grade silica gel with ethyl 
acetate:light petrol (1:1). The resulting solid was recrystalised (light petrol:ethyl acetate 5:1), to give 
{173) white crystals (8.71g, 40%), mp 56.9-57.8°C. 
1H n.m.r. (250MHz)(CDCiafTMS): 
11 = 2.88 (2H, t, J = 7.1 Hz), 3.60 (2H, q), 6.55 (1H, s, NH) and 7.17- 7.36 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCiafTMS): 
11 = 34.89 (CH2), 41.02 (CH:J, 108.91 & 113.48 & 118.06 & 122.64 (C, CF3, q, J = 287.9), 
126.94 (CH), 128.63 (2X CH), 128.84 (2x CH), 137.56 (C) and 156.34 & 156.93 & 157.52 & 
158.1 0 (C, C=O, J = 37.0Hz) ppm 
IR (KBr): 
"max 3316 (NH) and 1712 (C=O) cm·1 
MS: (El) 
(m/z) 65(14%), 91(72%), 104(100%) 
(M+) found 217.0714; [C10H10F3NO]+ requires217.0714 
N-trjfluoromethylcarbonyi-N-Ia-methoxy-a-phenylmethyll-2-phenylethylamine 
(175) 
n-Butyllithium (2.2M in hexanes) (5ml, 11 .23mmoQ was added at -78°C to ~-phenylethylamine 
trifluoroacetamide {173) (2.75g, 12.66mmol) dissolved in dry THF in a nitrogen atmosphere. The 
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mixture was warmed to room temperature, and a-chloro-a-methoxytoluene (1.9g, 12mmol) was 
added dropwise. The mixture was stirred at room temperature for 2h and quenched with saturated 
aqueous NaHC03 (20ml). The resulting mixture was extracted with DCM (3x30mQ. The organic 
extracts were dried (MgS04). DCM was removed in vacuo. Column chromatograhy (silica gel; DCM 
eluent; Rf = 0.60) followed by Kugelrohr distillation, give (175) as a colourless, viscous liquid, bp 
(Kugelrohr) 200°C/0.1mmHg (2.05g, 54%). 
1H n.m.r. (250MHz)(CDCifTMS): 
1i = 2.30 (1 H, m), 2. 78 (1 H, m), 3.30 (2H, m), 3.47(s) & 3.50(s) (3H, OM e), 6.09 (1 H, s) and 
6.84- 7.22 (1 OH, m) ppm 
13C n.m.r_ (63MHz)(CDCifTMS): 
1i = 33.78 & 36.91 (CH2), 44.16 & 44.20 & 44.25 & 44.29 & 44.81 (CH2l, 55.65 & 56.41 (CHs), 
86.22 & 87.56 & 87.61 & 87.66 & 87.71 (CH), 109.81 & 114.39 & 118.97 & 
123.56 (C, CF3, q, J = 288.4), 126.27 & 126.45 & 126.71 & 128.49 & 128.52 & 128.66 & 128.69 & 
128.74 & 128.92 & 129.05 (10x CH) and 156.86 & 157.43 & 158.71 & 159.28 (C, C=O) ppm 
IR (film): 
umax 2836 (OMe), 1691 (C=O) cm-1 
MS: (El) 
(m/z) 77(14%), 91(15%), 121(100%) 
(M+) found 337.1289; (C18H18F3N02]+ requires 337.1290 
N-tifluoromethylcarbonyl-2-13.4-dimethoxyphenyllethylamine 
(172) 
Trifluroacetic anhydride (21.0g, 100mmol) was added at ooc to a solution of homoveratrylamine 
(17.2g, 95mmol) in DCM (75ml) in the presense of Et3N (15.4ml, 110mmol). The mixture was stirred 
at room temperature for overnight (19h). The mixture was washed with H20 (2x 50ml). The organic 
layer was dried (MgSO,J and the solvent removed in vacuo. The resulting solid was recrystalised 
(light petrol:ethyl acetate mixture), to give (172) as pale yellow crystals (22.2g, 84%), mp 84.7 -
84.9°C. 
1H n.m.r. (250MHz)(CDCifTMS): 
1i = 2.83 (2H, t, J = 7.1Hz), 3.57 (2H, m), 3.84 (6H, s, 2x OMe), 6.70-6.80 (3H, m) and 
7.00 (1 H, broads, NH) ppm 
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13C n.m.r. (63MHz)(CDCifTMS): 
b = 34.50 (CH2), 41.30 (CH2), 55.80 (CHs), 55.92 (CH3), 111.62 (CH), 111.91 (CH), 109.09 & 
113.66 &118.23 & 122.81 (C, CF3, q, J = 287.5), 120.76 (CH), 130.33 (C), 147.00 (C), 149.19 (C) 
and 156.49 & 157.07 & 157.66 & 158.24 (C, C=O, q, J = 36.7Hz) ppm 
IR (KBr): 
"max 3321.2 (NH) and 1698.8 (C=O) cm·1 
MS: (El) 
(m/z) 151 (100%), 164(40%}, 277(19%) 
(M+) found 277.0929; [C12H14F3NOiJ+ requires 277.0926 
fftrifluoromethylcarbonyi-N-!a-methoxy-a-phenylmethyll-2-!3.4-dimethoxypheny!lethylamjne 
MeODJ 1 F3 MeO ~ ;_--( 
MeO Ph 
(174) 
n-Butyllithium (1.6M in hexanes) (6.9ml, 11mmol) was added at -78°C to (172) (2.77g, 10mmoO 
dissolved in dry THF {20ml) under nitrogen . The mixture was stirred at -78°C for 2h. a-chloro-a-
methoxytoluene (90% pure, 1.91g, 11mmol) was added at -78°C and the mixture was stirred at -78°C 
for 1 h and then at room temperature for 2V.h. Saturated aqueous NaHC03 (20ml)was added at ooc 
and the mixture was extracted with DCM (3x30ml). The organic extracts were dried (MgSO.J. DCM 
was removed in vacuo. Column chromatograhy (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.42) 
gave (174) as a colourless liquid (2.97g, 75%) 
1H n.m.r. (250MHz)(CDCifTMS): 
b = 2.23 (1 H, m), 2.75 {1 H, m), 3.37 (2H, m), 3.47 & 3.51 (3H), 3.809 & 3.813 (6H), 
6.07 and 6.83 {1H), 6.43-6.74 (3H, m) and 7.37-7.47 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
b = 33.40 & 36.48 (CH;0, 44.44 & 44.48 & 45.01 (CH2), 55.69 & 55.81 & 55.90 (2x CHs), 56.47 (CHs), 
86.24 & 87.59 & 87.64 (CH), 109.78 & 114.36 & 118.94 & 123.52 (C, CF3 , q, J = 288.1), 111.25, 
111.41, 111.75, 111.92, 120.51, 120.65, 126.31, 128.86, 128.93, 129.03 (8x CH), 130.57 & 
131.26 (C), 136.39 & 137.04 (C), 147.66 & 147.87 (C), 148.93 & 149.02 (C) and 156.92 & 
157.49 & 158.69 (C, C=O) ppm 
IR (film): 
"max 1704.4, 1698.6, 1694.3, 1689.9, 1682.5 (C=O) cm·1 
MS: (El) 
(m/z) 77(16%), 121(100%), 151(21%) 
(M+) found 397.1496; [C20H22F3NO.J+ requires 397.1501 
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Section 2.9 
Cal Synthesis of 1-phenyl-2.3.4.5-tetrahydro-1 H-2-benzazepines · 
Sypthesis of cyclisatjon of a-methoxvurethane precursors 
3-C3.4-dimethoxvphenvQpropylamide106 
::~N~ 
(191) 
Thionyl chloride (10.0g, 49.4mmol) was added to 3-(3,4-dimethoxyphenyl)propanoic acid (8.0g, 
38.0mmol) dissolved in DCM (100ml). The mixture was stirred for 20h at room temperature. The 
solvent and excess thionyl chloride were then removed in-vacuo. The residue was redissolved in 
DCM (80mQ. Ammonia gas was passed through the solution for 4h at -78°C. The solution was 
filtered, and the filtrand recrystallised (ethyl acetate) to give the (191) (7.94g, 100%) as colourless 
needles, mp 114. 116°C. 
1H n.m.r. (250MHz)(CDCifTMS): 
1i = 2.49 (2H, t, J = 8.0Hz), 2.89 (2H, t, J = 8.0Hz), 3.82 (3H, s, OMe), 3.83 (3H, s, OMe), 
5.78 (1H, broads, NH), 6.18 (1H, broads, NH) and 6.75 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1i = 31.05 (CH2), 37.77 (CH:J, 55.80 (CHa), 55.88 (CHa), 111.36 (CH), 111.71 (CH), 120.12 (CH), 
133.39 (C), 147.43 (C), 148.86 (C) and 175.17 (C, C=O) ppm 
IR (solution cell; reference: chloroform): 
"max 3419 (N-H) and 1660 (C=O) cm·1 
MS: (El) 
(m/z} 151{100%}, 164(16%), 209(54%} 
(M+) found 209.1048; [C11H15N03J+ requires 209.1052 
Microanalysis: 
Found C(63.25%), H(7.41%), N(6.82%); c11 H15N03 requires C(63.14%), H(7.23%), N(6.69%) 
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3-13.4-dimethoxyphenyllproovfamine 
::0)~ 
(192) 
3-(3,4-dimethoxyphenyf)propyfamide (191) (14.0g, 67.0mmol) in THF (100mQ was added dropwise to 
a suspension of lithium aluminium hydride (2.54g, 67.0mmol) in THF (50ml). The reaction mixture 
was stirred at room temperature for 24h. Aqueous 2M sodium hydroxide solution (20ml) was added 
dropwise. The mixture was filtered and THF removed in-vacuo. The residue was extracted with DCM. 
The DCM extracts were washed with water and dried (MgSO<j). DCM was removed in-vacuo to give 
3-(3,4-dimethoxyphenyQpropylamine (192) as a viscous yellow oil (12.0g, 92%). 
1H n.m.r. (250MHz)(CDClfTMS): 
I!= 1.72- 1.84 (2H, m), 2.59 (2H, t, J = 8.0Hz), 2.73 (2H, t, J = 7.2Hz), 2.90 (2H, broads, NH~, 
3.84 (3H, s, OMe), 3.86 (3H, s, OMe) and 6.68- 6.83 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1i = 32.76 (CH2), 34.74 (CH2), 41.39 (CH~, 55.81 (CHa), 55.92 (CH~, 111.24 (CH), 111.70 (CH), 
120.14 (CH), 134.48 (C), 147.17 (C) and 148.22 (C) ppm 
IR (film): 
vmax 3366 (N-H) cm-1 
MS: (El) 
(m/z) 30(68%), 147(48%), 178 (100%) 
(M+) found 195.1243; [C11 H17NOd+ requires 195.1259 
N-benzy!idene-3-13.4-dimethoxyphenvllpropylamine 
M eO~ 
MeOV ( 
Ph 
(193) 
Benzaldehyde (1.6g, 15mmol) was added to 3-(3,4-dimethoxyphenyl)propylamine (192) (2.37g, 
12.2mmol) in toluene (100ml). The mixture was refluxed for 4h using a Dean-Stark trap to remove 
H20. The toluene was removed in-vacuo to give (82) (3.3g, 86%) as a colourless oil. 
1H n.m.r. (250MHz)(CDCifTMS): 
1i = 1.96- 2.08 (2H, m), 2.64 (2H, t, J = 7.3Hz), 3.63 (2H, m), 3.82 (3H, s, OMe), 3.84 (3H, s, OMe), 
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6.72- 6.80 (3H, m), 7.40 (3H, m), 7.73 (2H, m) and 8.25 (1 H, s, HC:N) ppm 
13C n.m.r. (63MHz)(CDCI:JTMS): 
1i: 32.47 (CH2), 33.07 (CH~. 55.73 (CH:Jl, 55.85 (CH:Jl, 60.93 (CH2), 111.128 (CH), 111.72 (CH), 
120.22 (CH), 128.00 (2x CH), 128.58 (2x CH), 130.53 (CH), 134.57 (C), 136.20 (C), 147.03 (C), 
148.70 (C) and 161. 18 (CH, HC:N) ppm 
IR (film): 
"max 1640 (C:N) cm·t 
MS: (El) 
(m/z) 105(52%), 118(42%), 151(100%) 
(M+) found 283.1564; [C18H21 N02]+ requires 283.1572 
N-methoxycarbonyi-N-Ia-methoxy-a·phenylmethyll·3·13.4-dimethoxvphenyl\propylamine 
MeO(f) I N...._,......oMe MeO '- ~ \\ M.~, 0 
Ph 
(194) 
Methyl chloroformate (1.09g, 11.5mmol) in diethyl ether (20ml) was added at ooc to the imine (193) 
(3.0g, 1 0.6mmol), dissolved in diethyl ether (80mQ. The mixture was stirred for 3h at room 
temperature. At ooc triethylamine (1.6g, 15.8mmol) and then dry methanol (0.40g, 12.5mmol) were 
added. The mixture was stirred at room temperature for 'l>h. The white precipitate of triethylamine 
hydrochloride was removed by filtration. The solvent was removed in-vacuo. Column chromatography 
(silica gel; ethyl acetate:diethyl ether eluent) on the crude followed by recrystillisation (ethyl acetate : 
light petrol1:1), gave (194) as colourless needles (3.60g, 91%}, mp 59- 61°C. 
1H n.m.r. (250MHz)(CDCI:JTMS}: 
li: 1.27 (1H, broads), 1.71 (1H, broads), 2.32 (2H, broads), 2.91-3.11 (2H, m), 3.42 (3H, s, OMe), 
3.79 (3H, s, OMe}, 3.82 (6H, s, 2x OMe), 6.24(s) & 6.45(s~ (1H), 6.54 (2H, m), 
6.72 (1 H, d, J : 8.0Hz) and 7.26- 7.35 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCI:JTMS): 
1i: 30.25 & 30.97 (CH2), 32.90 (CH~. 41.33 & 42.02 (CH~. 52.77 (CH:Jl, 55.61 (CH:Jl, 55.71 (CH:Jl, 
55.84 (CH:Jl, 86.82 & 87.02 (CH), 110.94 (CH), 111.40 (CH), 119.94 (2x CH), 126.26 (CH), 
127.98 (CH}, 128.18 (2x CH), 134.12 (C), 138.61 (broad C), 147.04 (C), 148.65 (C) and 156.78 & 
158.03 (C) ppm 
IR (solution cell; reference: choroform): 
"max 1702 (C:O) cm·t 
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MS: (El) 
(m/z) 121(100%), 177(30%), 341(14%) 
(M+) found 373.1878; [C21 H27NOsJ+ requires 373.1889 
Microanalysis: 
Found C(67.60%), H(7.45%), N(3.84%); C21 H27N05 requires C(67.54%), H(7.29%), N(3.75%) 
N-benzylidene-3-propylamine 
en ( 
Ph 
(196) 
Benzaldehyde (4.5g, 37.15mmoQ was added to 3-phenylpropylamine (4.5g, 42.45mmol) in toluene 
(1 oomQ. The mixture was refluxed for 4h using a Dean-Stark trap to remove H20. The toluene was 
removed in-vacuo to give (196) (8.25g, 1 00%) as a colourless oil, bp 139- 140°C /0.3mmHg. 
1H n.m.r. (250MHz)(CDCIJTMS): 
l'> = 2.00 • 2.18 (2H, m), 2.78 (2H, t, J = 7.5Hz), 3.69 (2H, t, J = 7.5 Hz), 7.24 • 7.35 (5H, m), 
7.46 (3H, m), 7.81 (2H, m) and 8.30 (1H, s, HC=N) ppm 
13C n.m.r. (63MHz)(CDCIJTMS): 
l'> = 32.29 (CH2), 33.43 (CH:J, 60.84 (CH:J, 125.71 (CH), 126.06 (CH), 127.47 (CH), 
127.98 (2x CH), 128.26 (CH), 128.43 (CH), 128.51 (2x CH), 130.46 (CH), 136.19 (C), 141.91 (C) 
and 161.07 (CH, HC=N) ppm 
IR (film): 
'-'max 1640 (C=N) cm·1 
MS: (El) 
(m/z) 91(53%), 118{100%), 119(84%) 
(M+) found 223.1353; [C16Hf7N]+ requires223.1361 
tJ.methoxycarbonyi-N-/a-methoxy-a-phenylmethyll-3-phenylpropylamine 
C()I(OMe 
MeO-< O 
Ph 
(197) 
Methyl chloroformate {1.6g, 17.0mmol) in diethyl ether (20ml) was added at ooc to the imine (196) 
(3 .. 6g, 16.1 m mol), dissolved in diethyl ether (80ml). The mixture was stirred for 3h at room 
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temperature. At ooc, triethylamine (1.7g, 16.8mmol) and then dry methanol (0.8g, 25.0mmol) were 
added. The mixture was stirred at room temperature for Y.h. The mixture was filtered. The filtrate was 
washed with aqueous NaHC03 and dried (MgSO~. The solvent was removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate: light petrol1 :1 eluent; Rf = 0.57) on the crude gave (197) -
a colourless oil (4.6g, 91%), bp 150-152°C/0.2mmHg. 
1H n.m.r. (250MHz)(CDCifTMS): 
li= 1.25 (1 H, broads), 1.44 (1H, broads), 2.37 (2H, broads), 2.89- 3.10 (2H, m), 3.41 (3H, s, OMe), 
3.77 (3H, s, OMe), 6.24(s) & 6.44(s) (1H) and 6.99-7.34 (10H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
li = 30.00 & 30.74 (CH2), 33.29 (CH~, 41.42 & 42.09 (CH~, 86.86 (CH), 125.70 (CH), 126.24 (CH), 
128.02 (CH), 128.19 (2x CH), 128.48 (3x CH), 128.58 (2x CH), 138.55 (C), 141.46 & 141.98 (C) and 
156.73 & 158.04 (C, C=O) ppm 
IR (film): 
umax 1704 (C=O) cm·1 
MS: (El) 
(m/z) 91(12%), 105(12%}, 121 (100%) 
(M+) found 313.1682; [C19H23N03J+ requires 313.1678 
Cyclisatjon reactions 
1-ohenyl-2-methoxycarbonyl-7.8-dimethoxy-2.3.4.5-tetrahydro-1 H-2-benzazepine 
M eO 
M eO 
(198) 
TiCI4 (0.11ml, 1.0mmol) was added to (194) (0.30g, 0.85mmoQ, dissolved in DCM (10ml) at -78°C. 
The mixture was stirred for Y.h at -78°C, and then at room temperature for 72h. Saturated aqueous 
NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The organic layers 
were dried (MgS04) and DCM removed in-vacuo. Column chromatography (silica gel; diethyl ether : 
light petrol 9:1 eluent; Rf = 0.42) gave (198) as a yellow oil (0.2g, 74%). 
Phosphoryl chloride (0.15g, 0.96mmol) was added to (194) (0.3g, 0.8mmmol) dissolved in acetonitrile 
(10ml) at ooc. The mixture was stirred at room temperature for 20h. The mixture was basified with 
aqueous sodium hydroxide at ooc and extracted with DCM (3x 30ml). The DCM layers were 
combined and dried (MgSO~. Solvents were removed in-vacuo. Column chromatography (silica gel; 
diethyl ether: light petrol 9:1 eluent; Rf = 0.42) gave (198) as a yellow oil (0.26g, 96%). 
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Pyrophosphoryl chloride (0.46g, 1.85mmol) was added to (194) (0.6g, 1.60mmmoQ dissolved in 
acetonitrile (15ml) at O'C. The mixture was stirred at room temperature for 20h. The mixture was 
basified with aqueous NaOH at O'C and extracted with DCM (3x 30ml). The DCM layers were 
combined and dried (MgS04). Solvents were removed in-vacuo. Column chromatography (silica gel; 
diethyl ether: light petrol 9:1 eluent; Rf = 0.42) gave (198) as a yellow oil (0.25g, 46%). 
TMSCI (0.35ml, 0.65mmol) was added to (194) (0.2g, 0.53mmmol) dissolved in acetonitrile {10ml) at 
O'C. The mixture was stirred at room temperature for 72h. Saturated aqueous NaHC03 (30ml) was 
added at O'C and the mixture was extracted with DCM {3x 30ml). The DCM layers were combined 
and dried (MgS04). Solvents were removed in-vacuo. Column chromatography (silica gel; ethyl 
acetate: light petrol 1:1 eluent) gave (198) as a yellow oil (0.06g, 33%). 
1H n.m.r. (250MHz)(CDCI:IfMS): 
6 = 1.65- 1.80 (2H, m), 2.69- 2.80 (2H, m), 2.98- 3.11 (1H, m), 3.73 (3H, s, OMe), 
3.82 (3H, s, OMe), 3.88(s) & 3.89(s) (3H, OMe), 4.02-4.22 (1H, m), 6.55(s) & 6.65(s) (1H), 
6.71 (1H, s), 6.76 (1H, s) 7.06 (2H, m) and 7.21 -7.37 (3H, m) ppm 
1H n.m.r. (400MHz)(CDCI:/fMS): 
6 = 1.59- 1.65 (2H, m), 2.61 - 2.76 (2H, m), 2.97- 3.07 (1H, m), 3.99- 4.05(m) & 4.16- 4.20(m) (1H), 
3.71 (3H, s, OMe), 3.79 (3H, s, OMe), 3.86(s) &3.87(s) (3H, OMe), 6.34(s) &6.53(s) (1H), 
6.63(s) 7 6.74(s) (1 H), 6.69(s) & 6.70(s) (1 H) 7.02- 7.05 (2H, m), 7.20- 7.23 (1 H, m) 
and 7.27- 7.30 (2H, m) ppm 
13c n.m.r. (63MHz)(CDCI:IfMS): 
6 = 27.40 & 28.10 (CH2), 34.42 & 34.74 (CH2), 44.03 & 44.10 (CH2), 52.81 & 52.93 (CHa), 
55.86 (CHa), 56.03 (CHa), 63.78 & 63.98 (CH), 114.26 (CH), 114.49 (CH), 127.05 (CH), 
127.10 (CH), 127.82 (CH), 128.01 (CH), 128.53 (CH), 130.75 & 130.88 (C), 133.46 & 133.89 (C), 
139.0 (C), 146.67 & 146.80 (C), 147.60 & 147.71 (C) and 156.98 & 157.30 (C) ppm 
13C n.m.r. (101MHz)(CDCiafTMS): 
6 = 27.23 & 27.93 (CH~. 34.25 & 34.57 (CH2), 44.86 & 44.93 (CH~. 52.64 & 52.76 (CHa), 
55.69 & 55.75 (CHa), 55.87 (CHa), 63.61 & 63.82 (CH), 114.10 & 114.12 (CH), 114.33 (CH), 
126.88 & 126.94 (2x CH), 127.65 & 127.84 (CH), 128.36 (2x CH), 130.58 & 130.72 (C), 
133.30 & 133.73 (C), 138.82 & 138.86 (C), 146.50 & 146.63 (C), 147.44 & 147.55 (C) 
and 156.81 & 157.13 (C) ppm 
IR (film before solidification of compound): 
Vmax 1697 (C=O) cm-1 
MS: (El) 
(m/z) 239(35%), 264(100%), 341(71%) 
(M+) found 341.1631; [C20H23N0<!1+ requires 341.1627 
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1-phenyl-2-methoxycarbonyl-2.3.4.5-tetrahydro-1 H-2-benzazepine 
(199) 
TiC!4 (0.24ml, 1.84mmol) was added to (198) (0.30g, 0.85mmol), dissolved in DCM (20ml) at-78°C. 
The mixture was stirred for 'hh at -78°C, and then at room temperature for 72h. Saturated aqueous 
NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30ml). The organic layers 
were dried (MgSO~ and DCM removed in-vacuo. Column chromatography (silica gel; ethyl acetate : 
light petrol 2:3 eluent; Rf = 0.53) gave (199) as a yellow oil (0. lOg, 22%). 
1H n.m.r. (250MHz)(CDC!IfMS): 
11 = 1 .66 - 1 .80 (2H, m), 2.26 • 2.83 (2H, m), 3.05 • 3.15 (1 H, m), 3. 72 (3H, s, OMe), 
4.02-4.46 (1H, m), 6.42(s) & 6.59(s) (1H), and 7.01 -7.31 (9H, m) ppm 
13C n.m.r. (63MHz)(CDC!IfMS): 
11 = 27.20 & 27.86 (CH~, 34.78 & 34.89 (CH2), 43.95 & 44.10 (CH~. 52.79 & 52.91 (CHa), 
64.15 & 64.38 (CH), 126.82 (CH), 127.00 (CH), 127.29 (CH), 127.90 (CH), 128.20 (CH), 
128.33 (CH), 128.53 (2x CH), 128.70 (CH), 137.61 (C), 138.60 & 138.91 (C), 141.18 & 141.52 (C) 
and 157.01 & 157.22 (C, C=O) ppm 
IR (film): 
"max 1704 (C=O) cm·1 
MS: (El) 
(m/z) 91 (100%), 118(48%), 204(47%) 
(M+) found 281.1450; (C18H19N02]+ requires 281.1416 
Cb) Attempted synthesis of Methyl2-methoxycarbonyl-1 H-2-benzapine-1-carboxylates 
N-methoxycarbonyl-3-(3.4-dimethoxyphenyllpropylamlne 
(200) 
Methylchloroformate (1 .98g, 21 m mol) , was added to 2-(3,4-dimethoxyphenyQpropylamine (192) 
(3.18g, 16.3mmol) in DCM (50ml) under nitrogen at ooc in the presence of anhydrous N~C03 (4.5g, 
42mmol). The mixture was stirred at room temperature for 21 h and filtered. DCM was removed in-
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vacuo. Column chromatography on the crude (silica gel; ethyl acetate : light petrol 1:1; Rf = 0.41), 
gave (200) as a colourless viscous liquid (2.84g, 73%). 
1H n.m.r. (250MHz)(CDCifTMS): 
li = 1.77 (2H, pentuplet), 2.56 (2H, t), 3.16 (2H, m), 3.63 (3H, s, OMe), 3.82 (3H, s, OMe), 
3.83 (3H, s, OMe), 4.88 (1H, NH) and 6.66-6.78 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
b = 31.80 (CH2), 32.60 (CH2), 40.63 (CH~. 52.01 (CHa), 55.82 (CHa), 55.91 (CH:Jl, 111.30 (CH), 
111.69 (CH), 120.16 (CH). 134.08 (C), 147.27 (C), 148.88 (C) and 157.19 (C, C=O) ppm 
IR (film): 
"max 3368.9 (N-H), 2836.8 (0-Me) and 1727.5, 1723.3, 1715.1, 1704.5, 1698.6, 1694.7 (C=O) cm·1 
MS: (El) 
(m/z) 151(100%), 153(62%), 253(85%) 
(M+) 253.1324; [C13H19N04J+ requires 253.1314 
N;methoxycarbonyl-N-Ia-methoxv-a-methoxycarbonylmethvl\-3-13.4-dimethoxyphenyll-
-propylamine 
M eO 
M eO 
I N-./OMe 
Meo-( '6 
C02 Me 
(202) 
Under nitrogen, n-butyllithium (1.6M in hexanes) (6.6ml, 10.15ml) was added at -78°C to (200) (2.15g, 
8.50mmol), dissolved in THF (25ml). The mixture was stirred at -78°C for 2Y.h. Methyl 
bromomethoxyacetate (166) (2.07g, 11.31 mmol) was added at -78°C and the mixture stirred at -78°C 
for 1 Y.h and then room temperature for Y.h. Saturated aqueous NaHC03 (30ml) was added and the 
mixture extracted with DCM (3x 40mQ. The organic layers were dried (MgSO.J and the solvents were 
removed. Column chromatography (silica gel; DCM : diethyl ether 4:1, Rf = 0.52) yielded (202) as a 
colourless viscous liquid (0.92g, 31 %). 
1H n.m.r. (250MHz)(CDCifTMS) at 323K: 
b = 1.95 (2H, sextuplet), 2.54 (2H, t, J = 7.8Hz), 3.35 (1 H, m), 3.13 (1 H, m), 3.39 (3H, s, OMe), 
3.745 (3H, s, OMe), 3.753 (3H, s, OMe), 3.83 (3H, s, OMe), 3.86 (3H, s, OMe), 5.60 (1H, s) and 
6.68- 6.80 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS) at 323K: 
b = 30.43 (CH2), 32.69 (CH~, 43.64 (CH2), 52.19 & 52.26 (CH:Jl, 52.82 & 52.77 (CH:Jl, 55.82 & 55.87 
& 55.91 & 55.95 (3x CHa), 84.80 (CH), 111.68 & 111.91 & 112.01 & 112.22 & 120.09 & 
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120.12 (3x CH), 134.00 (C), 147.20 (C), 148.80 (C) and 168.00 (C, C=O) ppm (One C=O is not 
seen because of baseline noise) 
IR (film): 
t>max 1760.2 (C=O) and 1712.4 (C=O)cm·1 
MS: (El) 
(m/z) 1 03(90%), 151 (39%), 264(1 00%} 
(M+) found 355.1632; [C17H25N07]+ requires 355.1631 
N:methoxvcarbonyl-3-propylamine 
(201) 
Methylchloroformate (3.4g, 36mmoQ was added to 3-phenylpropylamine (195) (4.9g, 36mmol) in DCM 
(130ml) under nitrogen at 0°C in the presence of anhydrous N~C03 (7.2g, 68mmol). The mixture 
was stirred at room temperature for 24h and fi~ered. DCM was removed in-vacuo. The crude material 
was eluted through a pad of TLC grade silica gel with ethyl acetate. Distillation (Kugelrohr) gave the 
product -a colourless liquid (5.71 g, 82%), bp (Kugelrohr) 135°C /0.05mmHg. 
1H n.m.r. (250MHz)(COCI:IfMS): 
1i = 1.81 (2H, m), 2.63 (2H, t), 3.20 (2H, m), 3.64 (3H, s), 4.88 (1H, s, NH) and 7,14-7.30 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCI:IfMS): 
1i = 31.60 (CH2), 33.01 (CH:J, 40.65 (CH:J, 51.99 (CHs),125.96 (CH), 128.35 (CH), 128.43 (CH), 
141.44 (C) and 157.16 (C, C=O) ppm 
IR (film): 
t>max 3328 (NH), 1704 (C=O) cm-1 
MS: (El) 
(m/z) 91(48%), 117(40%), 118(100%) 
(M+) found 193.1095; [C11 H15N02]+ requires 193.1103 
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N-methoxycarbonvi-N-!a-methoxy-a-methoxycarbonylmethyll-3-!3.4·dimethoxyphenyll-
·oropylamine 
(203) 
Under nitrogen, n-buty!!ithium (1 .6M in hexanes) (7.2ml, 11 .25mmoQ was added at -78°C to (201) 
(1.93g, 10mmol), dissolved in THF (23ml). The mixture was stirred at -78°C for 2h. Methyl 
bromomethoxyacetate (166) (2.0g, 11 mmoQ was added at -78°C and the mixture stirred at that 
temperature for 1 h and then room temperature for 'hh. Saturated aqueous NaHC03 (40ml) was 
added and the mixture extracted with DCM (4x 50mQ. The organic layers were dried (MgSO,J and the 
solvents were removed. Column chromatography ( silica gel; diethyl ether : light petrol 1 :1; Rf = 0.22), 
followed by Kugelrohr distillation, gave (203) as a pale-yellow viscous liquid (1 .04g, 35%), bp 
(Kugelrohr) 210°C /0. 15mmHg. 
1H n.m.r. (250MHz)(CDCifTMS): 
6;, 1.89 (2H, m), 2.58 (2H, t), 3.10 (2H, m), 3.38 (3H, s), 5.63(s) & 5.71 (s) (1 H) 
and 7.15- 7.30 (5H) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
6 = 30.23 & 30.79 (CH2), 33.28 (CH;J, 43.45 & 44.31 (CH;J, 52.62 (CHJ>, 53.11 (CHJ>, 56.01 (CHJ>, 
84.68 (CH), 125.92 (CH), 128.27 (2 xCH), 128.38 (2x CH), 141.41 (C), 156.02 & 157.35 (C) and 
168.16 (C, C=O) ppm 
IR (film): 
umax 1758 (C=O), 1718 (C=O) cm·1 
MS: (El) 
(m/z) 75(68%), 91 (78%), 236(100%} 
(M+) not detected 
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<cl Synthesis of 1-phenylisoindolines 
Syothesjs of cyclisation of a-mehoxyurethane precursors 
N-benzylidene-3.4-dimethoxybenzylamine 
Benzaldehyde (3.5g, 33.0mmol) was added to 3,4-dimethoxybenzylamine (206) (5.0g, 29.9mmol) in 
toluene (80ml). The mixture was refluxed for 4h using a Dean-Stark trap to remove H20. The toluene 
was removed in-vacuo to give (208) (7.0g, 92%) as a colourless oil, bp 184- 186°C /0.1 mmHg. 
1H n.m.r. (250MHz)(CDCifTMS): 
li =3.85 (3H, s, OMe), 3.87 (3H, s, OMe), 3.905 (1H, s), 3.918 (1H, s), 6.81-6.89 (3H, m), 
7.37-7.45 (3H, m), 7.75-7.80 (2H, m) and 8.37 (1H, s) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
li = 55.86 (CH~. 55.95 (CH~, 64.75 (CH:J, 111.40 (CH), 111.56 (CH), 120.19 (CH), 123.28 (C), 
128.25 (CH), 128.57 (2x CH), 128.57 (CH), 130.71 (CH), 131.9 (C), 136.19 (C), 148.17 (C), 
149.09 (C) and 161.64 (CH, HC=N) ppm 
IR (film): 
"max 1638 (C=N) cm·1 
MS: (El) 
(m/z) 151(100%), 152(13%), 255(18%) 
(M+) found 255. 1258; [C16H17N02J+ requires 255.1259 
Mmethoxycarbonyi-Mia-methoxy-a-phenylmethyll-3.4-dimethoxybenzylamine 
(210) 
Methyl chloroform ate (1.6g, 17 .Ommol) in diethyl ether (20ml) was added at ooc to the imine (208) 
(4.0g, 15.7mmol), dissolved in diethyl ether (80ml). The mixture was stirred for 18h at room 
temperature. At 0°C, triethylamine (1.72g, 17.0mmol) and then dry methanol (0.8g, 25.0mmol) were 
added. The mixture was stirred at room temperature for V.h and filtered. The filtrate was washed with 
aqueous NaHC03 and dried (MgSO.J. The solvent was removed in-vacuo. Column chromatography 
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(silica gel; ethyl acetate : light petrol1 :2 eluent; Rf = 0.40) on the crude gave (21 O) as a colourless oil 
(5.0g, 93%), bp 198- 200°C /0.1 mmHg. 
1H n.m.r. (250MHz)(CDCIIfMS): 
1i = 3.35 (3H, s, OMe), 3.72 (3H, s, OMe), 3.81 (6H, s, 2x0Me), 3.97 (1H, d, J = -15.3Hz), 
4.27 (1H, m), 6.32 (1H, s), 6.61 (3H, m) and 7.35 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCIIfMS): 
1i = 45.06 (CH2), 52.84 (CHs), 55.69 (CHs), 55.78 (CHs), 87.48 (CH), 110.47 & 126.49 & 128.16 & 
128.30 (8x CH), 131.19 (C), 138.53 (C), 147.73 (C), 148.27 (C) and 157.12 (C, C=O) ppm 
IR (film): 
"max 1698 (C=O) cm·1 
MS: (El) 
(m/z) 121(92%), 151(28%), 224(100%) 
(M+) found 345.1596; [C19H23NOsJ+ requires 345.1576 
N-benzylidene-benzylamine 
(209) 
Benzaldehyde (5.6g, 53mmol) was added to benzylamine (5.4g, 50mmol) in toluene (100mQ at 0°C. 
The mixture was stirred at room temperature for 20m and then refluxed for 5%h, using a Dean-Stark 
trap to remove H20. Toluene was removed in-vacuo. Kugelrohr distillation of the crude material gave 
(209) as a colourless liquid (9.53g, 97%), bp (Kugelrohr) 120°C /0.05mmHg (lit.153 bp 116 - 117°C 
/0.1mmHg). 
1H n.m.r. (250MHz)(CDCI~MS): 
1i = 4.90(s) & 4.91 (s) (2H), 7.37- 7.91 (10H, m) and 8.45(s) & 8.46(s) (1 H, HC=N) ppm 
13C n.m.r. (63MHz)(CDCI~MS): 
1i = 64.94 (CH2), 126.92 (CH), 127.92 (CH), 128.10(CH), 128.26 (CH), 128.43 (CH), 128.53 (CH), 
128.90 (CH), 129.63 (CH), 129.80 (CH), 130.69 (CH), 136.10 (C), 139.26 (C) and 
161.89 (CH, HN=C) ppm 
IR (film): 
"max 1640 (C=N) cm·1 
MS: (El) 
(m/z) 91(100%), 92(30%}, 195(28%) 
(M+) found 195.1029; [C14H13N]+ requires 195.1048 
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N-methoxycarbonyi-N-!a-methoxy-a-phenylmethyllbenzylamine 
(211) 
Methylchloroformate (1.59g, 16.8mmol) was added to a solution of imine (209) (3.12g, 16mmol) in 
diethyl ether (80ml) at ooc. The mixture was stirred at room temperature for 3h. Triethylamine (1.7g, 
16.8 m mol) was added at 0°C. The mixture was stirred at room temperature for 1 Om. Methanol (0.9g) 
was added at 0°C, and the mixture stirred at room temperature for a further 1 h. The mixture was 
filtered and the filtrate was washed with saturated aqueous NaHC03 (2x 50ml) and dried (MgSO,J. 
Diethyl ether was removed in-vacuo. Column chromatography (silica gel; DCM eluent; Rf = 0.42) 
yielded a liquid. This was dissolved in DCM (40ml), and washed with dilute acetic acid (0.87M, 2x 
30ml) and saturated aqueous NaHC03 ( 30ml). The DCM fraction was dried (MgS04) and the DCM 
removed in-vacuo. Kugelrohr distillation gave (211) as a colourless liquid (2.01 g, 44%), Kugelrohr bp 
120°C/0.05mmHg. 
1H n.m.r. (250MHz)(CDCiy'TMS) at323K: 
fl = 3.30 (3H, s, OMe), 3.77 (3H, s, OMe), 4.03 (1H, d, J = -15.4Hz), 4.32 (1H, d, J = -15.4Hz), 
6.45 (1H, s) and 7.09-7.41 (10H, m) ppm 
13C n.m.r. (63MHz)(CDCiy'TMS) at 323K: 
fl = 45.71 (CH2), 52.77 (CH3), 55.81 (CH3), 87.84 (CH), 126.56 & 126.68 & 127.88 & 128.13 & 
128.26 & 128.40 (10x CH), 138.55 (C), 138.83 (C) and 157.86 (C, C=O) ppm 
IR (film): 
"max 2830 (MeO), 1700 (C=O) cm·1 
MS: (El) 
(m/z) 91(33%), 121(100%), 164(16%) 
(M+) found 285.1358; [C17H19N03J+ requires 285.1365 
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Cyclisation reactions 
1-phenyl-2-methoxycarbonyl-5.6-dimethoxyisoindoline 
MeO~N-lMe 
MeO~ 0 
Ph 
(212) 
Pyrophosphoryl chloride (0.72g, 2.86mmol) was added to (210) (0.9g, 2.60mmmol) dissolved in 
acetonitrile (15ml) at O'C. The mixture was stirred at room temperature for 20h. The mixture was 
basifled with aqueous NaOH at O'C and extracted with DCM (3x 30ml). The DCM layers were 
combined and dried (MgSO.J. Solvents were removed in-vacuo. Column chromatography (silica gel; 
ethyl acetate : light petrol 1 :3 eluent; Rf = 0.16), followed by recrystallisation (silica gel; ethyl acetate 
:light petrol1:1; Rf = 0.16) gave (212) as colourless needles (0.47g, 58%), mp 129 -130'C. 
TiCI4 (0.40ml, 3.0mmol) was added to (210) (1.0g, 2.89mmol), dissolved in DCM (20ml) at -78'C. The 
mixture was stirred for V2h at -78'C, and then at room temperature for 72h. Saturated aqueous 
NaHC03 (30ml) was added at O'C and the mixture extracted with DCM (3x 30ml). The organic layers 
were dried (MgSO.J and DCM removed in-vacuo. Column chromatography (silica gel; ethyl acetate : 
light petrol 1:1 eluent; Rf = 0. 16) gave (212) as colourless needles (0.45g, 50%). 
TMSOTf (0.6ml, 3.0mmol) was added to (210) (1 .Og, 2.89mmmol) dissolved in acetonitrile (20ml) at 
O'C. The mixture was stirred O'C for 'hh and then at room temperature for 72h. Saturated aqueous 
NaHC03 (30ml) was added at O'C and the mixture was extracted with DCM (3x 30ml). The DCM 
layers were combined and dried (MgS04). Solvents were removed in-vacuo. Column chromatography 
(silica gel; ethyl acetate : light petrol 1:1 eluent; Rf = 0.16) gave (212) as colourless needles (0.2g, 
22%). 
0•4l I•'S 
Phosphoryl bromide (,lr • ._mmol) was added to (210) (0.52g, 1.50mmmol) dissolved in acetonitrile 
(15ml) at O'C. The mixture was stirred at room temperature.for 20h. The mixture was basified wtth 
aqueous sodium hydroxide at O'C and extracted with DCM (3x 30ml). The OCM layers were 
combined and dried (MgSO.J. Solvents were removed in-vacuo. Column chromatography (silica gel; 
ethyl acetate : light petrol 1:2 eluent; Rf = 0.16) gave (212) as colourless needles (0.08g, 17%). 
1H n.m.r. (250MHz)(CDCiffMS): 
1i = 3.59(s) & 3.70(s) (3H, OMe), 3.88 (3H, s, OMe), 4.80 (1H, s), 4.87 (1H, s), 5,85(s) & 5.95 (1H), 
6.44(s) & 6.48(s) (1H), 6.7B(s) & 6.81(s) (1H) and 7.17-7.33 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCI/fMS): 
1i = 52.46 & 52.56 (CH~, 53.14 (CHJ>, 56.03 (CHJ>, 56.09 (CHJ>, 67.36 & 67.86 (CH), 105.09 & 
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105.18 (CH), 106.05 & 106.14 (CH), 126.65 (CH), 127.20 (CH), 127.42 (CH), 127.57 (CH), 
128.50 (CH), 132.90 (C), 133.30 (C), 142.70 (C), 143.35 (C), 149.41 (C) and 
155.60 (C, C=O) ppm 
IR (film before solidification of solid): 
umax 1724 (C=O) cm·1 
MS: (El) 
(m/z) 236(1 00%), 298(74%), 313(57%} 
(M+) found 313.1294; [C18H19NOJ+ requires 313.1314 
Microanalysis: 
Found C(68.94%), H(6.14%), N(4.72%); C18H19N04 requires C(69.00%), H(6.07%), N(4.47%) 
(dl Attempted synthesis of Methyl 2-methoxycarbonyl-1 H-lsoindol!nes·1·carboxylates 
N;;methoxycarbonyl-3.4-dimethoxybenzylamine 
(214) 
Methylchloroformate (1.9g, 19.7mmol) was added to 3,3-dimethoxybenzylamine (veratrylamine) 
(3.3g, 19.7mmol) in DCM (50ml) under nitrogen at ooc in the presence of anhydrous N1J:2C03 (4.3g, 
40.5mmol). The mixture was stirred at room temperature for 23%h and tittered. DCM was removed 
In-vacuo. The crude solid was recrystallised three times (ethyl acetate : light petrol 1:1 mixture) to 
give the product as pale yellow crystals (2.76g, 60%}, mp 73.2- 73.9°C. 
1H n.m.r. (250MHz)(CDCisfTMS): 
b = 3.86 (3H, s), 3.844(s) & 3.847(s) & 3.851 (s) (6H), 4.28 (2H, d, J = 5.9), 5.23 (1 H. s) 
and 6.80 (3H, s)ppm 
13C n.m.r. (63MHz)(CDCisfTMS): 
b = 44.95 (CH2), 52.17 (CHa), 55.85 (CHa), 55.92 (CHa), 110.94 (CH), 111.21 (CH), 119.78 (CH), 
131.26 (C), 148.43 (C), 149.12 (C) and 157.12 (C, C=O) ppm 
IR (KBr disc): 
umax 3332 (NH), 2836 (MeO), 1688 (C=O) cm·1 
MS: (El) 
(m/z) 151(64%), 210(56%), 225(100%) 
(M+) found 225.1003; [C11 H15NOJ+ requires225.1001 
Microanalysis: 
Found C(59.0%), H(7.0%), N(6.42%); C 11 H15N04 requires C(58.66%), H(6.71 %), N(6.22%) 
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N-methoxycarbonyi-N-Ia-methoxy-a-methoxycarbonylmethyll-3.4-dimethoxybenzylamjne 
(215} 
Under nitrogen, n-butyllithium (2.5M in hexanes) (2.80ml, 7mmoQ was added at -78°C to (214) (1.35g, 
6mmol), dissolved in THF (25ml). The mixture was stirred at -78•C for 2V.h. Methyl 
bromomethoxyacetate (166) (1.3g, 7.1mmol) was added at -78•c. The mixture was stirred for 1h at 
-78•c and then 'hh at room temperature. Saturated aqueous NaHC03 (40ml) was added and the 
mixture extracted with DCM (3x 40mQ. The organic layers were dried and DCM was removed in-
vacuo. Column chromatography ( silica gel; ethyl acetate : light petrol 3:1; Rf = 0.47}, followed by 
Kugelrohr distillation, gave (215) as a colourless viscous liquid (1.71g, 87%), Kugelrohr bp 23o•c 
/0.05mmHg. 
1H n.m.r. (250MHz)(CDCI~MS): 
li = 3.35 (3H, s), 3.52 (3H, s), 3.82 (3H, s), 3.86 (3H, s), 3.87 (3H, s), 4.40 (2H, s), 5.51 & 5.75 (1 H) 
and 6.77- 6.82 (3H, m) ppm 
13C n.m.r. (63MHz)(CDCI~MS): 
li = 46.37 (CH2), 52.39 (CH;J), 53.32 (CH;J), 55.83 (CH;J), 55.88 (CH;J), 56.09 (CH;J), 84.10 (CH), 
110.76 (CH), 111.79 (CH), 120.56 & 121.25 (CH), 129.79 (C), 148.25 (C), 148.67 (C), 156.36 & 
158.18 (C, C=O) and 167.91 (C, C=O) ppm 
IR (film): 
"max 2832 (MeO), 1754 (C=O) and 1712 (C=O) cm·1 
MS: (El) 
(m/z) 151(100%), 166(10%), 327(8%) 
(M+) 327. 1301; [C15H21 N07]+ requires 327.1318 
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Chapter 3 
Section 3.1 
lal The use of 1-l-(lR. 25. SAl-menthyl auxi!iarjes 
Synthesjs of a-methoxyurethane precursors 
1-l-mEmthyl bromomethoxyacetate 
(231) 
Bromine (3.36g, 21 m mol) was added to phosphoryl bromide (5. 70g, 21 mmoQ at ooc, to give 
phosphorus ~·"lo\,...,_,Je(yellow solid). (·)-Menthyl dimethoxyacetate (5. 15g, 20mmoQ was added at 
ooc. The mixture was raised to room temperature and any solids dissolved by gentle heating. The 
solution was stirred for 10 minutes. Kugelrohr distillation gave (231) as a pale-yellow liquid (5.65g, 
84%), bp (Kugelrohr) 80°C/ 0.05mmHg. 
1H n.m.r. (250MHz)(CDCI/TMS): 
l'> = 0.77-2.18 (18H, m), 3.58 & 3.59 (3H, OMe), 4.78 (1H, m) and 6.33 (1H, s) ppm. 
13C n.m.r. (63MHz)(CDCI/TMS): 
l'> = 15.99 & 16.12 (CHa), 20.71 (CHa), 21.96 (CHa), 23.20 & 23.28 (CH~, 25.87 & 26.02 (CH), 
31.35 & 31.38 (CH), 34.10 (CH2), 39.87 & 40.32 (CH~, 46.79 & 46.96 (CH), 58.61 & 
58.72 (CH3 -OCHa), 76.61 & 76.66 (CH, -OCH-), 84.00 & 84.16 (CH, -CHBr) and 164.07 & 
164.94 (C, C=O) ppm. 
IR (film): 
"max 1756 (C=O) cm'1 
MS: (El) 
(m/z) 83(58%), 137(52%), 139(1 00%) 
(M+) not detected 
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N-methoxycarbonyi-N-!a-methoxy-a-!.).menthoxycarbonylmethyl\·2-phenylethylamjne 
(225) 
Under nitrogen, n-butyl!ithium (2.5M in hexane) (2.80ml, 7mmol) was added at -78•C to 
N-methoxycarbonyl-2-phenylethylamine (105) (1.08g, 6mmol), dissolved in THF (20ml). The mixture 
was stirred at -78•C for 2V.h. (·)-Menthyl bromomethoxyacetate (2.2g, 7.16mmoO was added at -78°C 
and the mixture stirred at that temperature for 1 h and then room temperature for 1 V.h. Saturated 
aqueous NaHC03 (35ml) was added and the mixture extracted with DCM (4x 50mQ. The organic 
layers were dried (MgSO.J and the solvents were removed in-vacuo. Column chromatography (silica 
gel; diethyl ether: light petrol1 :1; Rf = 0.70), followed by Kugelrohr distillation, gave (225) as a yellow 
viscous liquid (1.48g, 61%), bp (Kugelrohr) 115°C/0.05mmHg. 
1H n.m.r. (250MHz)(CDCifTMS): 
1i = 0.70 • 2.10 (17H, m), 2.89 (2H, s), 3.28 (2H, m), 3.38 (3H, s, OMe), 3.79 (3H, s, OMe), 
4.83 (1 H, m, -OCH-), 5.40 & 5.70 & 5.74 (1H) and 7.19 • 7.35 (5H, m) ppm. 
13C n.m.r. (63MHz)(CDCifTMS): 
1i = 16.16 (CHa), 20.71 (CHa), 21.97 (CHa), 23.26 (CH2), 26.06 & 26.17 (CH), 31.38 (CH), 
34.10 (CH~, 35.05 & 35.98 (CH2, -CH2CH2N-), 40.51 & 40.57 (CH2), 45.21 & 
46.34 (CH2, -CH2CH2N-), 46.73 & 46.81 (CH), 53.13 (CHa), 55.97 (CHa), 76.03 & 
76.28 (CH, -OCH·), 84.98 (CH), 126.33 (CH), 128.46 (2x CH), 128.80 (2x CH), 139.03 (C), 
156.05 & 157.32 (C, C=O) and 167.26 (C, C=O) ppm. 
IR (film): 
umax 17 46 (C=O) and 171 0 (C=O) cm·1 
MS: (FAB) 
(m/z) 190(100%), 222(67%), 236(70%) 
(MH+) 406.2572; [C23H36NOsJ+ requires 406.2593 
227 
N-methoxvcarbonyi-N-!a-methoxy-a-/-)-menthoxycarbonylmethyll-2-!3.4-dimethoxyphenyll-
-ethylamine 
(226) 
Under nitrogen, n-butyllithium (1 .6M in hexane) (4.4ml, 7mmol) was added at -78°C to 
N-methoxycarbonyl-2-(3,4-dimethoxyphenyQethylamine (104) (1.44g, 6mmol), dissolved in THF 
(20ml). The mixture was stirred at -78•C for 2h. (-)-menthyl bromomethoxyacetate (2.2g, 7. 16mmoO 
was added at -78•C and the mixture stirred at that temperature for 1h and then room temperature for 
2h. Saturated aqueous NaHC03 (35ml) was added and the mixture extracted with diethyl ether 
(4x 50ml). The organic layers were dried (MgSO.J and the solvents were removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol 1:1; Rf = 0.70) gave (226) as a yellow viscous 
liquid (2.23g, 80% ). 
1H n.m.r. (250MHz)(CDCI~MS) at 298K: 
1i = 0.70-2.10 (18H, m), 2.84 (2H, broads), 3.17-3.27 (1H, m), 3.39 (3H, s, -OMe), 
3.50- 3.80 (1 H, m), 3.81 (3H, s, -OMe), 3.85 (3H, s, -OMe), 3.88 (3H, s, -OM e), 
4.67-4.79 (1H, m, -OCH-), 5.46(d) & 5.73(s) & 5.75(s) (1H) and 6.73-6.82 (3H, m) ppm. 
13C n.m.r. (63MHz)(CDCI~MS) at 298K: 
1i = 16.17 (CH~. 20.71 (CH~, 21.98 (CH~, 23.25 & 23.36 (CH~, 26.06 & 26.20 (CH), 31.37 (CH), 
34.09 (CH~, 34.70 & 35.57 (CH2, -CH2CH2N-), 40.50 & 40.58 (CH~. 
45.33 & 46.41 (CH2, -C~C~N-), 46.72 & 46.81 (CH), 53.85 & 53.06 (CH~, 55.85 & 55.89 & 
55.96 (3x CH~, 76.00 & 76.26 (CH, -OCH-), 84.74 & 84.94 & 85.06 (CH, NCH-OMe), 
111.29 (CH), 112.00 & 112.06 (CH), 120.74 (CH), 131.63 (C), 147.57 (C), 148.91 (C), 
155.96 & 156.11 & 157.25 & 157.25 (C, C=O, urethane) and 167.10 & 
167.29 (C, C=O, ester) ppm. 
IR (film): 
umax 17 48.8 (C=O) and 1715.6 (C=O) cm-1 
MS: (FAB) 
(m/z) 165(67%), 250(100%), 282(45%) 
(M+) 465.2738; [C25H39N07]+ requires 465.2727 
228 
N-C-l-menthoxycarbonyl-2-phenylethylamine 
(232) 
(-)-menthylchloroformate (4.4g, 20mmol) was added to ~-phenylethylamine (2.4g, 20mmoO, dissolved 
in DCM (50ml), at ooc under nitrogen, in the presence of anhydrous N<1:2C03 (4.3g, 41mmoQ. The 
mixture was stirred at room temperature for 24'hh. The mixture was filtered, and DCM was removed 
from the filtrate in-vacuo to leave a colourless solid. Recrystallisation (ethyl acetate : light petrol 1:3 
mixture) gave the product (232) (5.30g, 87%) as colourless needles, mp 86.2- 86.7°C. 
1H n.m.r. (250MHz)(CDCI:/TMS): 
1i = 0.78-2.04 (18H, m), 2.81 (2H, t, J=6.9), 3.43 (2H, q), 4.55 (2H, m), 7.17-7.38 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCI:/TMS): 
1i = 16.49 (CHa), 20.80 (CHa), 22.06 (CHa), 23.53 (CH:J, 26.26 (CH), 31.36 (CH), 34.30 (CH:J, 
36.15 (CH:J, 41.47 (CH:J, 42.07 (CH2), 47.38 (CH), 74.42 (CH), 126.43 (CH), 128.57 (2x CH), 
128.82 (2x CH), 138.90 (C) and 156.36 (C, C=O) ppm 
IR (KBr disc): 
umax 3360 (NH) and 1682 (C=O) cm·t 
MS: (El) 
(m/z) 83(100%), 165(63%), 104(42%) 
(M+) found 303.2212; [C19H29N02J+ requires 303.2198 
N-1·1-menthoxycarbonyi-N-Ia-methoxy-a-methoxycarbonylmethyl\-2-phenylethylarnjne 
()'}(o··" 
MeO-"'\ b 
C02Me 
(229) 
Under nitrogen, n-butyllithium (2.5M in hexane) (2.80ml, 7mmol) was added at -78°C to (232) (1.68g, 
6mmoQ, dissolved in THF (20ml). The mixture was stirred at -78°C for 2'hh. Methyl 
bromomethoxyacetate (166) (1.3g, 7.1mmol) was added at -78°C. The mixture was stirred for 1h at 
-78°C and then Y2h at room temperature. Saturated aqueous NaHC03 (35ml) was added and the 
mixture extracted with DCM (4x 50ml). The organic layers were dried (MgSO,J and DCM was 
229 
removed in-vacuo. Column chromatography (silica gel; diethyl ether : light petrol 1:1; RI = 0.43), 
followed by Kugelrohr distillation, yielded (229) as a colourless viscous liquid (1.44g, 59%), bp 
(Kugelrohr) >250"C /0.1 mmHg. 
1H n.m.r. (250MHz)(CDCIIfMS): 
1i = 0.78- 2.14 (18H, m), 2.85 (2H, m), 3.30 (2H, m), 3.37 (3H, s, OMe), 3.78 (3H, s, OMe), 
4.71 (1 H, m, -OCH-), 5.57 & 5.79 (1 H) and 7.19- 7.37 (SH, m) ppm 
13C n.m.r. (63MHz)(CDCI:{l"MS): 
1i = 16.30 (CHJl, 20.92 (CHJl, 22.04 (CHJl, 23.43 (CH~, 26.43 (CH), 31.45 (CH), 34.27 (CH2), 
34.95 & 36.02 (CH2), 41.32 (CH2), 45.20 &45.46 (CH2), 47.63 (CH), 52.58 (CHJl, 55.74 & 
56.03 (CHJl, 76.34 (CH), 84.29 & 84.60 (CH), 126.43 (CH), 128.55 (2x CH), 128.79 (2x CH), 
139.06 (C), 156.59 (C, C=O, urethane) and 168.31 (C, C=O, ester) ppm 
IR (film): 
umax 2870, 1755 and 1700 cm·1 
MS: (El) 
(m/z) 55(48%), 83(1 00%), 132(47%) 
(M+) not detected 
(FAB) 
(m/z) 69(18%), 83(50%), 192(100%) 
(MH+) 406.2583; [C23H36NOsJ+ requires 406.2593 
N-C-l-menthoxycarbonyi-N-Ca-methoxy-a-phenylmethyll-2-phenylethylamine 
())·-(2 
MeO Ph 
(225) 
Under nitrogen, n-butyllithium (1.6M in hexane) (4.4ml, 7mmol) was added at -78•c to (232) (1.82g, 
6mmoQ, dissolved in THF (20ml). The mixture was stirred at -78•C for 2%h. a-chloro-a-methoxy-
toluene (107) (90% pure, 1.3g, 8.3mmol) was added at -78•c. The mixture was stirred for 1h at -78•C 
and then Y.h at room temperature. Saturated aqueous NaHC03 (35ml) was added and the mixture 
extracted with diethyl ether (3x 40ml). The organic layers were dried (MgS04) and solvents were 
removed in-vacuo. Column chromatography (twice with silica gel; ethyl acetate : light petrol 1 :3; 
RI= 0.65), yielded (225) as a colourless viscous liquid (1.85g, 73%). 
Diasteriomer ratio by gas chromatography (Column:- BP1, 25m; Carrier He; Retention times ~ 14m) 
of (a) the crude~ 4:3 (d.e. ~ 11%) (b) the purified material~ 3:2 (d.e ~ 16%). 
230 
1H n.m.r. (250MHz)(CDC13fTMS): 
b = 0.78- 2.10 (18H, m), 2.30 (1 H, m}, 2.80 (1 H, m), 3.18 (1 H, m}, 3.20 (1 H, m), 3.32 & 3.42 & 
3.45 (3H, OMe), 4.40- 4.82 (1 H, m, -OCH-), 6.31 & 6.34 & 6.51 (1 H) and 
6.91 - 7.89 (1 OH, m) ppm 
13C n.m.r. (63MHz)(CDCI3fl'MS): 
b = 16.20 & 16.37 & 16.51 (CHa), 20.80 & 20.93 & 20.97 (CHa), 22.65 (CHa), 23.26 & 23.41 & 
23.57 (CH2), 26.28 & 26.46 & 26.64 (CH), 31.37 & 31.47 (CH), 34.33 & 35.07 (CH2), 36.19 & 
36.31 & 37.91 (CH2, -QH2CH2N-), 41.48 & 42.09 (CH2), 43.54 & 43.81 & 
44.05 (CH2, -CH2QH2N-), 47.70 & 47.76 & 47.40 (CH), 52.65 & 55.31 & 55.58 (CHa), 74.40 & 
75.54 & 75.72 (CH), 86.48 & 86.71 (CH), 126.01 & 126.15 & 126.35% 126.41 & 126.67 & 126.90 
& 126.98 & 128.08 & 128.18 & 128.27 & 128.37 & 128.42 & 128.56 & 128.82 & 128.97 & 129.47 & 
129.72 & 130.41 (C and 5x CH), 138.07 & 138.83 & 139.52 (C) and 155.97 & 156.36 & 
157.25 (C, C=O) ppm 
IR (film): 
umax 1692 (C=O) cm·1 
MS: (El) 
(m/z) 41(13%), 91(18%), 121(100%) 
(M+) 423.2779; C27H37N03 requires 423.2773 
(FAB) 
(m/z) 83(25%), 121(100%), 210(24%), 254(24%) 
([MH+ -H2]+ 422.2678; [C27H36NOiJ+ requires 422.2695 
N-(.)-meothoxycarbonyl-2-13.4-dimethoxypheny!lethylamine 
MeOm 2 I HN o··" MeO '- y 
0 
(233) 
(-)-menthylchloroformate (6.6g, 30mmol}was added to homoveratrylamine (5.4g, 30mmol), dissolved 
in DCM (75ml), at o•c under nitrogen, in the presence of anhydrous N~C03 (6.35g, 60mmoQ. The 
mixture was stirred at room temperature for 11V2h. The mixture was filtered, and DCM was removed 
from the filtrate in-vacuo to leave a yellow solid. Recrystallisation (ethyl acetate : light petrol) gave the 
product (9.35g, 86%) -whtte needles, mp 96.8 - 97.1 •c. 
1H n.m.r. (250MHz)(CDCifTMS): 
b = 0.78-2.06 (18H, m), 2.75 (2H, t, J=6.9), 3.39 (2H, m}, 3.85(s) & 3.87(s) (6H, 2x OMe}, 
4.55 (1H, sextuplet, -OCH-), 4.71 (1H, m) and 6.71-6.82 (3H, m) ppm 
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13C n.m.r. (63MHz)(COCifTMS): 
b = 16.49 {CH~, 20.60 {CHa), 22.07 {CHa), 23.54 (CH2), 26.28 (CH), 31.36 (CH), 34.31 {CH~, 
35.79 {CH2), 41.53 (CH2), 42.25 (CH~, 47.39 (CH), 55.77 (CHa), 55.86 (CHa), 74.38 (CH), 
111.30 (CH), 111.94 (CH), 120.72 (CH), 131.44 (C), 147.63 (C), 148.97 (C) and 
156.40 (C, C=O) ppm 
IR (Solution cell; reference: DCM): 
umax 3445.7 (NH) and 1709.6 (C=O) cm·1 
MS: (El) 
(m/z) 83(21%), 152(51%), 164(100%) 
(M+) found 363.2380; [C21 H33NO.J+ requires 363.2409 
N-(.)-menthoxvcarbonyi-N-Ia-methoxy-a-phenylmethyl\-2-{3.4-dimethoxyphenyl\ethylamine 
-~, .. () 
Meo--V J o ;c 
Mao,....... ')oh 
(226) 
Under nttrogen, n-butyllithium (1.6M in hexanes) (6.9ml, 11mmoQ was added at -78°C to (233) (3.63g, 
1 Ommol), dissolved in THF {20ml). The mixture was stirred at -76°C for 2h. a-chloro-a-methoxy-
toluene (107) (90% pure, 1.9g, 11 m mol) was added at -78°C. The mixture was stirred for 1 h at -78°C 
and then 4h at room temperature. Saturated aqueous NaHC03 (40ml) was added and the mixture 
extracted with diethyl ether {3x 30ml). The organic layers were dried (MgSO,# and solvents were 
removed in-vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 3:7; Rf = 0.54), 
yielded (226), -a pale yellow viscous liquid (4.06g, 84%). 
1H n.m.r. (250MHz)(CDCiafTMS): 
6 = 0.86- 1.75 (16H, m), 2.03 • 2.29 (3H, m), 2.60- 2.80 (1H, .m), 3.10- 3.32 {2H, m), 3.41 & 3.43 & 
3.46 (3H, OMe), 3.81 {6H, s, 2x OMe), 4.76 (1H, sextuplet, -OCH-), 6.32- 6.55 (3H, m), 
6.69-6.72 {1H, m) and 7.26-7.48 (5H, m) ppm 
13C n.m.r. (63MHz)(CDC!afTMS): 
6 = 16.14 & 16.36 & 16.43 & 16.59 {CH~. 20.98 (CHs), 22.09 (CH3), 23.23 & 23.41 & 23.55 (CH~, 
26.35 & 26.50 & 26.68 {CH), 31.46 {CH), 34.36 & 34.66 (CH~, 35.79 &35.93 (CH2, -CH2CH2N-), 
41.52 (CH~, 43.72 & 43.99 & 44.24 & 44.43 (CH2, -CH2Q.H2N-), 47.42 & 47.82 (CH), 55.33 & 
55.61 & 55.74 & 55.86 (3x CHa), 75.55 & 75.76 (CH, -OCH-), 86.48 & 86.71 (CH), 111.18 (CH), 
111.86 & 111.95 (CH), 120.45 & 120.61 (CH), 126.40 {CH), 128.07 & 128.25 (4xCH), 132.15 (C), 
138.82 (C), 147.2 (C), 148.8 (C) and 156.0 & 157.2 (C, C=O) ppm 
232 
IR (film): 
umax 1738.8 (C=O) and 1704.2, 1698.2 (C=O) cm·1 
MS: (El) 
(m/z) 121(100%), 151(12%), 164(12%) 
(M+) 483.3008; [C29H41 NOs]+ requires 483.2985 
The cyclisation of the a-methoxvurethane precursors with (.)·11 R. 25. SAl-menthyl ayxi!iaries 
1-phenyl-2-(.)-menthoxycarbonyl-1.2.3.4-tetrahydroisoauinoline 
cyy ... 9 
(234) 
Under nitrogen, TMSOTf (0.20ml, 1.03mmol) was added to a-methoxyurethane (225) (0.42g, 
1 mm mol) dissolved in acetonitrile (8ml) at o•c. The mixture was stirred at o•c for Sm, and then room 
temperature for 12h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted 
with DCM (4x 30ml). The DCM layers were combined and dried (MgSOJ. Solvents were removed in· 
vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1 :4; Rf = 0.20; and then silica 
gel; gradient elution, ethyl acetate : light petrol 5:95 to 1:9, Rf = 0.20 (ethyl acetate : light petrol 1 :4D 
gave (234) as a colourless, viscous liquid (0.130g, 33%), d.e. = 7%. 
Under nitrogen, TMSO!f (0.20ml, 1.03mmol) was added to (225) (0.42g, 1 mm mol) dissolved in 
acetonitrile (8ml) at -4o•c. The mixture was stirred at -4o•c 11 V2h. Saturated aqueous NaHC03 
(30ml) was added at o•c and the mixture extracted with diethyl ether (3x 30ml). The dietbyl ether 
layers were combined and dried (MgSOJ. Solvents were removed in-vacuo. Column chromatography 
(silica gel; gradient elution, ethyl acetate : light petrol 1:9 to 1:1; Rf = 0.38 [ethyl acetate : light petrol 
1 :9] and then silica gel; ethyl acetate: light petrol 5:95; Rf = 0.36) gave impure (234) (estimated yield 
<5%), d.e. calculation not possible. 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to a-methoxyurethane (225) (0.42, 1 m mol), 
dissolved in DCM (8ml) at • 78•c. The mixture was stirred • 78•C for 15m and then at room 
temperature for 12h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted 
with diethyl ether (4x 30ml). The organic layers were dried (MgSOJ and solvents removed in-vacuo. 
Column chromatography ( silica gel; ethyl acetate : light petrol 5:95; Rf = 0.36) gave (234) as a 
viscous colourless liquid (0.27g, 69%), d.e. = 14% (Opposite direction). 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to a-methoxyurethane (225), dissolved in DCM 
(8ml) at -78•C. The mixture was stirred for 11'hh at -78•c. Saturated aqueous NaHC03 (30ml) was 
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added at ooc and the mixture extracted with diethyl ether (4x 30ml). The organic layers were dried 
(MgSO.J and solvents removed in-vacuo. Column chromatography (silica gel; ethyl acetate : light 
petrol 1 :4; RI = 0.20; and then silica gel; gradient elution, ethyl acetate : light petrol 5:95 to 3:2, RI = 
0.36 [ethyl acetate : light petrol 5:95]) gave (234) as a viscous colourless liquid (0.050g, 13%), d.e = 
27%. 
1H n.mr. (400MHz)(d6·DMSO{TMS) at383K: 
li = 0.71 (s) & 0.73(s) & 0.76(s) & 0. 77(s) (3H), 0.82 • 0.94 (7H, m), 0.97 • 1.13 (2H, m), 
1.35·1.50 (2H, m), 1.62-1.75(3H, m), 1.83·2.01 (1H,m), 2.74-2.93(2H, m), 
3.30 • 3.43 (1 H, m), 3.88 • 3.95 (1 H, m), 4.55 • 4.62 (1 H, m, -OCH·), 6.25(s) & 6.27(s) (1 H) and 
7.11 • 7.31 (9H, m) ppm. 
13C n.m.r. (101MHz)(~·DMSO{TMS) at 383K: 
1i = 15.81 & 16.37 (CHa), 19.72 & 19.93 (CHa), 21.13 (CHa), 22.95 & 23.53 (CH~, 25.43 & 
26.15 (CH), 27.26 & 27.42 (CH2, -QH2CH2N·), 30.41 (CH), 33.45 (CH~. 38.07 & 
38.34 (CH2, -CH2QH2N-), 40.67 & 40.81 (CH~. 46.53 & 46.70 (CH), 57.12 & 57.23 (CH, -NCHPh), 
74.33 & 74.39 & 74.45 & 74.51 (CH, ·OCH-), 125.43 & 125.47 & 126.34 & 126.41 & 126.44 & 
126.91 & 127.48& 127.55& 128.06&128.11 (9xCH), 134.23& 134.29(C), 135.05& 135.21 (C), 
142.36 & 142.58 (C) and 154.18 & 154.23 (C, C=O) ppm. 
IR (film): 
"max 1694.3 (C=O) cm·1 
MS: (El) 
{m/z) 41(81%), 176(76%), 253(100%) 
(M+) 391.2511; [C26H33N02]+ requires 391.2511 
(FAB) 
{m/z) 83{71%), 191{82%), 192(100%) 
([M+H]+) 392.2590; [C26H34NO~+ requires 392.2590 
Methyl 2·(.)-menthoxvcarbony!-1.2.3.4-terahydroisoguinoline-1-carboxy!ate 
(235) 
Under nitrogen, TMSOTI (0.20ml, 1.03mmol) was added to a-methoxyurethane (229) (0.41g, 
1 mm mol) dissolved in acetonitrile (8ml) at ooc. The mixture was stirred room temperature for 24h. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 30mQ. 
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The DCM layers were combined and dried (MgSO.J. Solvents were removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol1 :4; Rf = 0.48) with preparative TLC (silica gel; 
ethyl acetate : light petrol 1 :4; Rf = 0.48) on impure fractions gave (235) as a colourless, viscous 
liquid (0.169g, 45%), d.e. = 18%. 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to a-methoxyurethane (229) (0.41g, 1mmol), 
dissolved in DCM (8ml) at -9o•c. The mixture was stirred for at -9o•c for 5m and at room 
temperature for 24h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted 
with diethyl ether (4x 30ml). The organic layers were dried (MgSO,V and solvents removed in-vacuo. 
No product (235) could be detected in the crude material. 
1H n.m.r. (400MHz)(d6-0MSO/TMS) at 377K: 
li = 0.76- 1.20 (12H, m), 1.35- 1.54 (2H, m), 1.60- 1.73 (2H, m), 1.80- 2.03 {2H, m), 
2.84- 2.91 (2H, m), 3.65 (3H, s, -OMe), 3.64- 3.80 {2H, m), 4.51 - 4.61 (1 H, m, -OCH), 
5.51 (s) & 5.55(s) (1 H), 7.18- 7.29 (3H, m) and 7.43- 7.46 (1 H, m) pp m. 
13C n.m.r. (101MHz)(d6-DMSO/TMS) at 377K: 
li = 16.19 & 16.35 (CHs), 19.83 & 19.89 & 19.97 (CHs), 21.20 & 21.26 (CHs), 23.02 & 23.30 & 
23.44 (CH2), 25.71 & 26.06 (CH), 27.50 (CH2, -.Q.H2CH2N-), 3D.43 (CH), 33.46 (CH~. 39.65 & 
39.67 (CH2, -CH2.Q.H2N-), 40.70 & 40.74 (CH~, 46.50 & 46.64 & 46.72 (CH), 51.56 (CHs), 
57.24 & 57.45 (CH, -N.Q.HPh), 74.80 (CH, -OCH-), 125.90 & 127.12 & 127.19 & 127.24 & 
127.64 & 127.96 & 128.04 (4xCH), 129.90 (C), 134.66 (C) and 170.31 & 
170.60 (C, C=O, ester) ppm. 
The urethane carbonyl could not be detected due to the noise on the baseline. 
IR (film): 
"'max 1712.0, 1709.7, 1704.4, 1698.6 and 1694.8 (2x C=O) cm·1 
MS: (El) 
(m/z) 83(66%), 132(100%), 176(64%) 
(M+) not detected 
(FAB) 
(m/z) 83(71%), 191{82%),192(100%) 
([M+H]+) 374.2347; [C22H31 NO.J+ requires 374.2331 
235 
!.)-Menthyl 2-methoxycarbonyl-1 .2.3.4-terahydroisoguinoli ne-1-carboxylate 
(236) 
Under nitrogen, TMSOTf (0.20ml, 1 .03mmol) was added to a-methoxyurethane (227) (0.40g, 
1 mmmol) dissolved in acetonitrile (8ml) at O'C. The mixture was stirred at O'C for 5m and then room 
temperature for 25%h. Saturated aqueous NaHC03 (30ml) was added at O'C and the mixture 
extracted with diethyl ether (4x 30ml). The organic layers were combined and dried (MgSO.J. 
Solvents were removed in-vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1 :3; 
Rf = 0.53) gave (236) as a colourless, viscous liquid (0.30g, 81%), d.e. = 16%. 
Under nitrogen, TiCI4 (0. 15ml, 1 .37mmol) was added to a-methoxyurethane (227) (0.40g, 1 mmoQ, 
dissolved in DCM (8ml) at -78'C. The mixture was stirred for at -78'C for 5m and at room 
temperature for 24%h. Saturated aqueous NaHC03 (30ml) was added at O'C and the mixture 
extracted with DCM (4x 30ml). The organic layers were dried (MgSO.J and solvents removed in-
vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.53) followed by 
preparative TLC (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.53) gave (236) as a colourless, 
viscous liquid (0.030g, 8%), d.e. = 4% (opposite direction). 
Under nitrogen, TiCI4 (0.075ml, 0.68mmol) was added to a-methoxyurethane (227) (0.40g, 
0.52mmoQ, dissolved in DCM (4ml) at -78'C. The mixture was stirred for at -78'C for 5m and at room 
temperature for 11 V2h. Saturated aqueous NaHC03 (30ml) was added at O'C and the mixture 
extracted with DCM (4x 30ml). The organic layers were dried (MgSO.J and solvents removed in-
vacuo. Analysis of the crude material showed a large .. amount of starting material the a-
methoxyurethane (227) present, but no product (236). 
1H n.m.r. (400MHz)(d6·DMSO/TMS) at 383K: 
lJ = 0.55-1.10 (12H, m), 1.30-1.88 (6H, m), 2.81-2.95 (2H, m), 3.680(s) & 3.686(s) (3H, OMe), 
3.64-3.76 (2H, m), 4.52-4.64 (1H, m, ·OCH-), 5.46(s) & 5.49(s) (1H), 7.20-7.28 (3H, m) and 
7.41 - 7.44 (1 H, m) pp m. 
13C n.m.r. (101MHz)(d6·DMSO[TMS) at 383K: 
lJ = 15.34 & 15.92 (CHa), 19.68 & 19.82 (CHa), 21.03 (CHa), 22.60 & 23.11 (CH2), 25.01 & 
25.58 (CH), 27.33 & 27.50 (CH2, -.Q~C~N-), 30.27 & 30.30 (CH), 33.27 (CH:J, 39.70 & 
39.78 (2x CH2 -buried under DMSO signals), 46.33 (CH), 51.87 (CHa), 57.72 & 
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57.91 (CH,, -NQHPh), 74.54 & 74.70 (CH, -OCH-), 125.60 & 125.69 & 126.89 & 127.12 & 
127.18 & 127.32 & 127.65 & 127.86 (4x CH), 129.77 & 130.14 (C), 134.50 & 134.59 (C), 
155.08 (C, C=O, urethane) and 169.48 & 169.62 (C, C=O, ester) ppm. 
IR (film): 
"max 1719.8, 1715.7, 1713.5 (2x C=O) cm·1 
MS: (El) 
(m/z) 130(18%), 190(100%}, 191(36%) 
(M+) not detected 
(FAB) 
(m/z) 83(12%), 190(100%), 236(35%) 
((M+H]+) 374.2350; (C22H32NO,J+ requires 374.2331 
1-pbenyl-2-1-\-menthoxvcarbonyl-6 J -dimethoxy-1.2.3.4-terahydrojsoguinoline 
MeaD? 9 '- I N 0"" Mea '!(' 
h 0 
(237) 
Under nitrogen, TMSOTf (0.20ml, 1.03mmol) was added to a-methoxyurethane (226) (0.48g, 
1 mm mol) dissolved in acetonitrile (Bml) at ooc. The mixture was stirred at ooc for 15m and then room 
temperature for 12h. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture extracted 
with diethyl ether (3x 40ml). The organic layers were combined and dried (MgS04). Solvents were 
removed in-vacuo. The crude material was passed through a pad of TLC silica (eleunt: ethyl acetate), 
and column chromatography (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.42) gave (237} as a 
colourless, viscous liquid (0.38g, 84%), d.e. = 11%. 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to a-methoxyurethane (226) (0.48g, 1 m mol), 
dissolved in DCM (Sml) at -78°C. The mixture was stirred for at -78°C for 15m and then at room 
temperature for 11 'hh. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture 
extracted with diethyl ether (4x 40ml). The organic layers were dried (MgS04) and solvents removed 
in-vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1 :3; Rf = 0.42) gave (237) as 
a colourless, viscous liquid (0.26g, 58%), d. e. = 5% (oppos~e direction). 
Under nitrogen, TiCI4 (0.15ml, 1.37mmol) was added to a-methoxyurethane (226) (0.48g, 1mmol}, 
dissolved in DCM (Bml) at -78°C, The mixture was stirred for at -78°C for 19'hh. Saturated aqueous 
NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (4x 30ml). The organic layers 
were dried (MgSO.J and solvents removed in-vacuo. Column chromatography (silica gel; ethyl 
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acetate : light petrol 1 :3; Rf = 0.42) gave (237) as a colourless, viscous liquid (0.40g, 89%), d.e. = 
7%. 
1H n.m.r. (400MHz)(d6-DMSO/TMS) at 383K: 
ll = 0.73- 0.78 (3H, m), 0.83- 1.10 (9H, m), 1.36- 1.51 (2H, m), 1.63- 1.73 (2H, m), 
1. 73- 1.90 (1 H, m), 1.92- 2.09 (1 H, m), 2.66- 2.92 (2H, m), 3.21 - 3.34 (1 H, m), 3.68(s) & 
3.69(s) & 3.70(s) (3H, -OMe), 3.789(s) & 3.793(s) & 3.80(s) (3H, -OMe), 3.67-3.94 (1H, m), 
4.55- 4.63 (1 H. m), 6.20(s) & 6.21 (s) (1 H), 6.68(s) & 6.70(s) (1 H), 6.800(s) & 6.803(s) (1 H) 
and 7.18- 7.31 (5H, m) ppm. 
13C n.m.r. (101MHz)(d6·DMSO/TMS) at 383K: 
ll = 15.85 & 16.37 (CHg), 19.75 & 19.95 (CHg), 21.16 (CHg), 22.99 & 23.54 (CH~, 25.48 & 
26.14 (CH), 26.83 & 26.98 (CH2, -.QH2CH2N-), 30.44 (CH), 33.49 (CH~, 37.89 & 
38.16 (CH2, -CH2.QH2N-), 40.86 & 40.73 (CH~. 46.57 & 46.74 (CH), 55.61 & 55.81 (2x CHg), 
56.70 & 56.78 (CH, -N.QHPh), 74.33 & 74.45 (CH, -OCH), 112.65 & 112.75 (2x CH), 126.39 & 
126.41 & 126.80 & 126.87 & 126.97 & 127.01 & 127.19 & 127.33 & 127.52 (5x CH), 142.54 & 
142.73 (C), 147.45 (C), 148.15 (C) and 154.17 & 154.24 (C, C=O) ppm. 
IR (film): 
"max 1692.1 (C=O) cm·1 
MS: (El) 
(m/z) 28(100%), 39(86%), 69(92%) 
(M+) 451.2702; [C28H37NO.J+ requires 451.2722 
(FAB) 
(m/z) 236(52%), 312(100%), 313(76%) 
([M+H]+) 452.2794; [C28H38NO.J+ requires 452.2801 
t-l-Menthyl2-methoxvcarbonyl-6.7-dimethoxy-1.2.3.4-terahydroisoguinoline-1-carboxylate 
(238) 
Under nitrogen, TMSOTf (0.20ml, 1.03mmol) was added to (228) (0.47g, 1 mm mol) dissolved in 
acetonitrile (8ml) at ooc. The mixture was stirred at room temperature for 24h. Saturated aqueous 
NaHC03 (30ml) was added at ooc and the mixture extracted with DCM (3x 40mQ. The organic layers 
were combined and dried (MgS04). Solvents were removed in-vacuo. Column chromatography (silica 
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gel; ethyl acetate : light petrol 1:1; Rf = 0.43) gave (238) as a colourless, viscous liquid (0.45g, 
100%), d. e. = 3%. 
Under nitrogen, TiC14 (0.15ml, 1.37mmol) was added to a-methoxyurethane (228) (0.47g, 1 m mol), 
dissolved in DCM (8ml) at -78•C. The mixture was stirred for at -78°C for 5m and then at room 
temperature for 12h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture extracted 
with DCM (4x 40ml). The organic layers were dried (MgSO<tl and solvents removed in-vacuo. Column 
chromatography (silica gel; ethyl acetate : light petrol 1:1; Rf = 0.43) gave a mixture (0.044mg) of 
starting material and product (238), which proved too difficult to separate. The estimated yield of 
(238) is <1 0%, d. e. calculation not possible. 
1H n.m.r. (400MHz)(d6-DMSO{TMS) at 377K: 
1i = 0.56- 1.11 (12H, m), 1.33- 1.49 (2H, m), 1.57- 1.91 (4H, m), 2.73- 2.87 (2H, m), 
3.672(s) & 3.678 (s) (3H, -OMe), 3.761 (s) & 3.767(s) & 3.774(s) (6H, 2x -Ome), 
3.59- 3.87 (2H, m), 4.53 -4.66 (1 H, m, -OCH), 5.40 (s) & 5.65(s) (1 H), 6.79 {1 H, s), and 
6.99(s) & 7.02(s) (1 H) ppm 
13C n.m.r. (101MHz)(d6-DMSO!TMS) at 377K: 
1i = 15.48 & 16.15 (CHJl, 19.98 & 20.11 (CHJl, 21.29 & 21.32 (CHJl, 22.73 & 23.29 (CH2), 25.23 & 
25.78 (CH), 27.14 & 27.32 (CH2, -QH2CH2N-), 30.54 & 30.58 (CH), 33.53 (CH~. 39.92 & 
40.27 (CH2, -CH2QH2N-), 40.13 &40.22 (CH~. 46.59 & 46.67 (CH), 52.08 (CHJl, 55.76 & 
55.81 & 55.91 (2x CHJl, 57.38 & 57.64 (CH, -NQHPh), 74.55 & 74.80 (CH, -OCH-), 111.98 (CH), 
112.57 & 112.63 (CH), 121.82 & 122.32 (C), 127.39 & 127.54 (C), 147.66 & 147.71 (C), 
148.86 & 148.95 (C), 155.34 (C, C=O, urethane) and 169.98 & 170.04 & 
170.53 (C, C=O, ester) ppm 
IR (film): 
"max 1738.8, 1732.9, 1727.4, 1719.9, 1713.5, 1710.1, 1705.7 (2x C=O) cm·1 
MS: (El) 
(m/z) 81(14%), 250(100%), 251(16%) 
(M+) 433.2495; [C24H35NOsJ+ requires 433.2464 
(FAB) 
(m/z) 251(17%}, 250(100%}, 296(18%} 
([M+H]+) 434.2539; [C24H36N06J+ requires 434.2543 
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The diastereomeric excesses for each cyclisation reaction was calculated by using the 
integrations from the 400Hz 1H NMR spectra of the isolated products in d6-DMSO at -380K. The 
signals due to the C-1 methine or the signals due to the methyl groups of the isopropyl group in the 
(-)-menthyl auxiliary were used. 
CQv· .. cJ 
Ph 0 X 
(234) 
r 
6.4 6.2 
1.4 
.. 
Spectra for compound (234) are shown above. Due to diastereoisomers, two sets of methyl signals 
for the isopropyl group at 11 0.71 & 0.73 and 0.76 & 0.77ppm and two signals for the C-1 methine at 
11 6.25 and 6.27ppm are observed. 
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lbl Synthesis of a-methoxyurethane precursors using triphosgene 
Synthesis of chiral secondary urethanes via . -· .)socyanate 
N-t-l-memhoxvcarbonyl-2-phenyfethyfamine 
(232) 
Under nitrogen, pyridine (0.41 ml, 5.07mmol) was added slowly at ooc to triphosgene (0.5g, 
1.69mmol), dissolved in toluene (9ml). The mixture was stirred at ooc for 'hh. ~-phenylethylamine 
(0.55g, 4.56mmol) in toluene (6ml) was added at ooc over Bm. The mixture was stirred at room 
temperature for 1h. The mixture was heated under reflux for 1h. (-)-Menthol (0.79g, 5.07mmol) in 
toluene (4ml) was added at ooc and the mixture stirred at room temperature for 16'hh. Saturated 
aqueous NaHC03 (30mQ was added at ooc. The mixture was extracted with diethyl ether. The diethyl 
ether layer was washed with saturated aqueous CuS04 (2x 30mQ and water (2x 20mQ, and dried 
(MgSOJ. Column chromatography (-silica gel; ethyl acetate : light petrol1 :4, Rf = 0.45 and then silica 
gel; ethyl acetate: light petrol1 :5, Rf = 0.46 on the mixed fractions) gave (232) as colourless needles 
(0.70g, 51%). 
N-1-\-lsopinocampheoxycarbonyl-2-phenylethylamine 
(251) 
Under nitrogen, pyridine (1.64ml, 20.29mmol) was added slowly at ooc to triphosgene (2.0g, 
6.76mmoQ, dissolved in toluene (30mQ. The mixture was stirred at ooc for v.h. ~-phenylethylamine 
hydrogen chloride (1.44g, 9.12mmol) was added at ooc over 15m. The mixture was stirred at room 
temperature for 1 h. The mixture was heated under reflux for 1 h. (1 R, 2R, 3R, 5S)-(-)-
Isopinocampheol (1.56g, 10.14mmol) in toluene (5ml) was added at 0°C and the mixture stirred at 
room temperature for 11'hh. Saturated aqueous NaHC03 (30ml) was added at ooc. The mixture was 
extracted with diethyl ether. The diethyl ether layer was washed with saturated aqueous CuSO 4 (2X 
30mQ and water (2x 30mQ, and dried (MgSOJ. Column chromatography (silica gel; ethyl acetate : 
light petrol1 :4, Rf = 0.46) gave (251) as white needles (1.60g, 58%), mp 48.0- 48.5 oc. 
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1H n.m.r. (360MHz)(CDCI:{TMS): 
1i = 0.96-1.01 (4H, m), 1.10 & 1.12 (3H), 1.22 (3H, s), 1.66-1.71 (1H, m), 1.80 (1H, m), 
1.89- 1.94 (1 H, m), 2.04 (1 H, m), 2.33- 2.35 (1 H, m), 2.54 - 2.62 (1 H, m), 2.82 (2H, t, J = 7.0), 
3.41 - 3.47 (2H, m), 4.70 (1H, s, NH), 4.96 (1H, pentuplet, -OCH-) and 7.14- 7.33 (5H, m) ppm 
13C n.m.r. (91 MHz)(CDCI:{TMS): 
1i = 20.50 (CHa), 23.71 (CHa), 27.48 (CHa), 33.54 (CH~. 36.11 (CH~. 36.18 (CH2), 38.24 (C), 
41.32 (CH), 42.16 (CH~, 43.83 (CH), 47.55 (CH), 74.41 (CH, -OCH-), 126.43 (CH), 
128.58 (2x CH}, 128.78 (2x CH}, 138.89 (C) and 156.71 (C, C=O). 
IR (solution cell; reference: DCM): 
vmax 3446.3 (NH) and 1712.0 (C=O) cm·1 
MS: (El) 
(m/z) 81 (67%), 93(100%), 105(67%) 
(M+) found 301.2033; [C19H27NO:J+ requires 301.2042 
N-1-l-B'·phenylmenthoxycarbonyl-2-phenylethylamine 
(252) 
Under nitrogen, pyridine (1.64ml, 20.29mmoQ was added slowly at 0°C to triphosgene (2.0g, 
6.76mmol), dissolved in toluene (30mQ. The mixture was stirred at ooc for \12h. fl-phenylethylamine 
hydrogen chloride (1.44g, 9.12mmol) was added at ooc over 15m. The mixture was stirred at room 
temperature for 1 h. The mixture was heated under reflux for 1 h. (-)-8-phenylmenthol (2.00g, 
8.61mmol) was added at ooc and the mixture stirred at room temperature for 14h. Saturated aqueous 
NaHC03 (30ml) was added at 0°C. The mixture was extracted with diethyl ether (2x 30ml). The 
diethyl ether layers were combined, washed with saturated aqueous CuS04 (2x 30ml) and water (2x 
30ml) and dried (MgSO~. Column chromatography (firstly, silica gel; diethyl ether: light petrol1 :2, Rf 
= 0.40; and follwed by silica gel; gradient elution; diethyl ether : light petrol 1 :s to 1 :3) and then 
recrystallisation (light petrol) gave (252) as colourless needles (1.45g, 45%), mp 99.4- 99.8 oc. 
1H n.m.r. (360MHz)(CDCI:{TMS): 
1i = 0.79- 0.95 (5H, m), 1.11 • 1.14 (1 H, m), 1.20 (3H, s), 1.28 (3H, s), 1.42- 1.50 (1 H, m), 
1.60-1.70 (2H, m), 1.89-1.95 (2H, m), 2.71 (2H, m), 3.21-3.33 (2H, m), 
3.73 (1H, broads, NH), 4.57-4.62 (1H, m, -OCH-) and 7.00-7.32 (10H, m) ppm 
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13C n.m.r. (91 MHz)(CDCIIfMS): 
1\ = 21.82 (CH3l, 24.47 (CH3l, 26.55 (CH~, 27.99 (CH3l, 31.27 (CH), 34.65 (CH2), 36.12 (CH~, 
39.59 (C), 41.89 (CH2), 42.27 (CH~, 51.04 (CH), 74.77 (CH, -OCH-), 124.67 & 125.40 & 
126.42 & 127.62 & 128.55 & 128.75 (10x CH), 138.88 (C), 152.21 (C) and 155.62 (C, C=O) ppm. 
IR (KBr diffusion): 
'-'max 3312 and 1684 cm·1 
MS: (FAB) 
(m/z) 105(100%), 119(62%), 166(67%) 
(MH+) found 380.2569; [C25H34N02]+ requires 380.2589 
Microanalysis: 
Found C(79.16%), H(8.94%), N(3.89%); C25H33N02 requires C(79.11%), H(8.76%), N(3.69%) 
Synthesis of a-methoxvurethane precursors 
N-C-l-lsopinocampheoxycarbonyi·N-Ia-methoxy-a-phenylmethyl\-2-phenylethylamjne 
r"Y\,-{~ V )_ o -
MeO Ph · 
(255) 
Under nitrogen, n-butyiiHhium (1.6M in hexanes) (7.5ml, 12mmoO was added at -78°C to (251) (3.01g, 
10mmol), dissolved in THF (20ml). The mixture was stirred at -78°C for 2h. a-chloro-a-
methoxytoluene (2.1 g, 13.4mmol) was added at -78°C and the mixture stirred at that temperature for 
1h and then room temperature for V.h. Saturated aqueous NaHC03 (30ml) was added and the 
mixture extracted with diethyl ether (3x 30ml). The organic layers were dried (MgSO<j) and the 
solvents were removed in-vacuo. Column chromatography (silica gel; die!hyl ether : light petrol 1 :2; 
Rf = 0.60) yielded (255) as a colourless viscous liquid (2.16g, 51%). 
1H n.m.r. (360MHz)(CDCIIfMS): 
1\ = 0.86- 1.55 (10H, m), 1.55- 1.89 (2H, m), 2.00 (1 H, m), 2.26- 2.42 (3H, m), 2.70- 2.80 (2H, m), 
3.09-3.39 (2H, m), 3.453 & 3.447 (3H, OMe), 5.18 (1 H, m), 6.37 & 6.50 (1 H, m) and 
6.94 • 7.46 (1 OH, m) ppm 
13C n.m.r. (91 MHz)(CDCIIfMS): 
1\ = 20.67 (CH3l, 23.75 (CHs), 27.49 (CH3l, 33.76 (CH~. 35.13 (CH2), 36.27 & 36.36 & 36.43 (CH~, 
38.27 (C), 41.37 (CH), 43.75 (CH2), 44.19& 44.29 (CH), 47.61 (CH), 55.57 (CHs), 
75.46 (CH, -OCH-), 86.71 & 86.89 (CH, -NQHPh), 126.02 & 126.17 & 126.27 & 126.40, 126.67 & 
126.90 & 127.31 & 128.11 & 128.28 & 128.39 & 128.58 & 128.76 (10x CH), 138.76 (C), 
139.42 (C) and 157.52 (C) ppm 
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lA (film - Perkin-Eimer 1720 FTIA): 
"max 1698 (C=O) cm·1 
MS: (FAB) 
(m/z) 81{40%), 121{100%), 254{12%) 
([M+Abj+) 506.1751; [C27H35N03Abj+ requires 506.1735 
!cl The use of a chiral auxiliarv attached to the alkoxy leaving group 
N-methoxycarbonyi-N-!a-(-l-menthoxy-a-phenylmethyll-2-phenylethylamine 
""Y'Y',-(".CJ Me~~ Ph~ 
MeO 0 
(256) 
Under nitrogen, methyl chloroformate (1.90g, 20mmoO was added at ooc to the imine (13) (2.69g, 
10mmol), dissolved in diethyl ether (100ml). The mixture was stirred for 14%h at room temperature. 
At, ooc triethylamine (2.04g, 20mmol) and then menthol (4.69g, 30mmol)were added. The mixture 
was stirred at room temperature for 1 v.h. The white precipitate of triethylamine hydrochloride was 
removed by filtration. Diethyl ether was removed in-vacuo. Column chromatography (silica gel; ethyl 
acetate: light petrol1 :4 eluent; Rf = 0.48 and then gradient elution silica gel; ethyl acetate:light petrol 
lS' 
1:4 to ethyl acetate: light petrol 1:2 eluent) on the crude, gave 0 -a viscous colourless liquid (2.71g, 
A 
58%). 
1H n.m.r. (250MHz)(CDCifTMS): 
1\ = 0.68- 2.40 (18H, m), 2.50- 4.00 (5H, m), 3. 77- 3.86 (9H, m), 6.21 - 6.48 {2H, m), 
6.61 - 6.80 (2H, m) and 7.29- 7.56 (5H, m) ppm 
13C n.m.r. (63MHz)(CDCifTMS): 
1\ = 15.50 & 15.64 & 16.09 (CHs), 21.27 & 21.38 (CHs), 22.31 & 22.38 (CHs), 22.88 & 22.95 (CH~, 
25.23 & 25.52 (CH), 31.35 & 31.57 & 31.65 (CH), 34.33 & 34.50 (CH~, 35.30 & 35.51 
(CH2, -CH2CH2N-), 40.10 & 40.34 (CH2), 42.42 (CH2, -CH2CH2N-), 43.84 & 43.99 & 44.49 & 
44.62 (CH~, 48.06 & 49.31 (CH), 52.70 & 52.83 (CHs), 55.76 & 55.82 & 55.84 (2x CHs), 75.37 & 
76.01 & 78.85 & 79.23 (CH), 81.46 & 81.59 & 85.32 (CH, -NCHPh), 110.99 & 111.03 & 111.85 & 
111.91 & 120.44 & 120.50 & 126.70 & 126.87 & 127.00 & 128.01 & 128.11 (Sx CH), 132.04 & 
132.13 & 132.21 (C), 139.52 & 139.63 & 139.81 (C), 147.32 (C), 148.68 & 148.61 (C) and 156 & 
158.07 & 157.58 & 158.07 (C, C=O) ppm 
lA (film): 
"max 1713.3, 1704.4, 1698.6, 1694.6 (C=O)cm·1 
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MS: (FAB) 
(m/z) 83(89%}, 139(100%}, 165(86%) 
(M+) 483.2935; [C29H41 NOs]+ requires 483.2985 
1-Phenyl-2-methoxycarbonyl-6.7-dimethoxy-1.2.3.4-terahydroisoguinoline 
MeO;cy 
"""- I NYOMe M eO 
Ph 0 
(112) 
Under nitrogen, TMSCI (0.15ml, 1.18mmol) was added at o•c to a-menthoxyurethane (256) (0.47g, 
1 m mol) in acetonitrile (8m!). The mixture was stirred at o•c for 5m and then at room temperature for 
21 h. The reaction was quenched at o•c with saturated aqueous NaHC03 (30ml). The mixture was 
extracted with DCM (3x 30m!). The organic layers were dried (MgSO<j), and solvents were removed 
in-vacuo. Column chromatography (silica gel; ethyl acetate: light petrol 1 :2 eluent; Rf = 0.29) gave 
(112) as a viscous colourless liquid (0.197g, 60%). The product exhibtted no optical activity, ([a]0 at 
2o•c = O). 
3.2 The use of chiral Lewjs acjds 
lal The use of phosphorus-based Lewis acids 
1-Phenyl-2-methoxycarbonyl-6.7-di methoxy-1 .2.3.4-terahydroisoguinoljne 
MeO;cy 
"""- I NYOMe M eO 
Ph O 
(112) 
Under nitrogen, dichloromethoxyphosphate (126) (0.18g, 1.2mmol) was added to (97) (0.36g, 
1 m mol) in DCM (8ml) at o•c. The mixture was stirred for 5m at o•c and then at room temperature for 
24Y.h. Saturated aqueous NaHC03 (30ml) was added at o•c and the mixture was extracted with 
DCM (3x 30ml). The organic layers were dried (MgS04) and DCM was removed in-vacuo. Column 
chromatography ( silica gel; ethyl acetate : light petrol 1 :1; Rf = 0.42) yielded (112), -a colourless, 
viscous liquid (0.23g, 70%). 
Under nitrogen, POCI3 (0.11ml, 1.2mmol) was added at o•c to (-)-menthol (0.19g, 1.2mmo!) 
dissolved in dichloroethane (3.5ml). The mixture was heated under reflux for 3h. a-Methoxyurethane 
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(97) (0.36g, 1 m mol) in dichloroethane (4.5ml) was added at ooc. The mixture was stirred at room 
temperature tor 16h. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture was 
extracted with DCM (3x 30mQ. The organic layers were dried (MgSO.J and DCM was removed in-
vacuo. Column chromatography (silica gel; ethyl acetate : light petrol 1:1; Rf = 0.42) gave the 
tetrahydroisoquinoline (112) as a colourless, viscous liquid (0.23g, 70%), (a]D at 20°C = +0.60. 
(b\ Jhe use of titanium-based Lewis acids 
The study with titanium chloride isopropoxide species 
The generation of TiC10 (0iPr)4•0 reagents was based on the method of Dijkgraaf and Rousseau.131 
The general procedure used for the cyclisation reactions is as follows: 
ID Generatjon of TiCI0 (0iPrkn (1 - 4mmoll 
Under nitrogen, TiCI4 (n molar equivalents) was added to Ti(OiPr)4 (4-n molar equivalents) at 
1o•c. DCM (4ml) was added to dissolve the solid formed. The solution was stirred at room 
temperature for V. - 1 h. 
(ii) Reaction of g-methoxyurethanes with TiCI0 (0iPrkn 
Under nitrogen, the a-methoxyurethane (1mmol) in DCM (4ml) was added at -78°C to the 
solution of TiCI0 (0iPrl4,0 in DCM (4ml). The mixture was stirred at -78°C for 5m and then at room 
temperature for 24h. Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture was 
extracted with DCM or diethyl ether. The organic layers were dried (MgSO.J and the solvents 
removed in-vacuo. The crude materials were purified by column chromatography. 
The study with different ratios of titanium tetrachloride to precursor in the cyclisation 
reactions. 
The normal procedure for cyclisation reactions with TiC14 was followed but with ditfferent amounts of 
the reagent used: 
Under nitrogen, TiC14 was added to a solution of a-methoxyurethane (1 m mol) in DCM (Bml) 
at -78°C. The mixture was stirred at that temperature for 5m and then at room temperature for 24h. 
Saturated aqueous NaHC03 (30ml) was added at ooc and the mixture was extracted with DCM or 
diethyl ether. The organic layers were dried (MgSO .J and the solvents removed in-vacuo. The crude 
materials were purified by a combination of column chromatography and Kugelrohr distillation. 
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I 
' 
Appendix 
A summary of "Baldwjn's Rules• for rjng closures 
J.E. Baldwin, J. Chem. Soc. Chem. Commun., 1976,734. 
Three empirical rules can be defined which predict the relative facility of ring-forming reactions. 
Ring-forming processes can be prefixed Exo, when the breaking bond is exocyclic to the smallest so 
formed ring and Endo, when it is endocyclic to the smallest so formed ring (Scheme A1). 
~ ~ Q 
Q Endo 0 
SchemeA1 
In addition, they may be suffixed Te~ Trig or Dig, to indicate whether the geometry of the carbon 
atom undergoing ring-closure is tetrahedral, trigonal or digonal (Scheme A2). 
[ 'oo' l -~ x~=-*~--v6 + I y-X .. C-Y x-c .. •'"/ '\.''I 
Tetrahedron electrophiic A Tetprocess 
carbon 
x~\J1os' X 
''• 
\ 
'·:c y 
•'"'c-Y ~'-""' 
Trigonal electrophilic A Trlg process 
carbon 
120' x- X ~- I -c ~ ~-
Digonal electrophilic A Dig process 
carbon 
SchemeA2 
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Thus a ring closure maybe described as n-exotendo-Tei/Trig!Dig, where n is the number of atoms 
constituting the skeleton of the new ring (Scheme A3). 
3-Exo-Tet 5- Exo- Trig 6- Endo- Dig 
Examples of Tet, Trig and Dig processes 
SchemeA3 
The following rules apply for ring closures when the nucleophilic atom X is a first-row element. 
Rule 1: Tetrahedral Systems 
(a) 3 to 7-Exo-Tet are all favoured processes with many literature precedents. 
(b) 5 to 6-Endo-Tet are disfavoured processes. 
Rule 2: Trigonal Systems 
(a) 3 to 7-Exo-Trig are all favoured processes with many literature precedents. 
(b) 3 to 5-Endo-Trig are disfavoured; 6 to 7-Endo-Trig are favoured. 
Rule 3: Digonal Systems 
(a) 3 to 4-Exo-Dig are distavoured processes; 5 to 7-Exo-Dig are favoured. 
(b) 3 to 7-Endo-1)ig are favoured 
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